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A STUDY OF UNUSUAL ENDOCRINE DISTURBANCES; 
THEIR ASSOCIATED MYOPATHIES, ENDOCRINE 
BALANCE AND METABOLISM FINDINGS 

SAMUEL BROCK, MD, and WJLLARD E KAY, MD 

NLW YORK SAN rRANCISCO 

111 a series of cases studied at the U S Army General Hospital 
No 41, Fox Hills, Staten Island, N Y , over a period of five months, 
such interesting manifestations were noted from an endocrmologic and 
myopathic standpoint, that their publication seems wari anted 

REPORT OF CASES 

Cash 1 — An advanced instance of polyglandulai distui banco, characteuzcd 
by a dysttophia adiposo-gemtahs, precipitated by influenza, associated with a 
musculai dystiophy, and unusual reactions of the vegetative nei'vous system 
A consideiation of the endoenne balance and the metabolism findings is of 
unusual interest 

C G , white, aged 27 years, was a motorman and rancher by prewar occu- 
pation Habits Alcoholic beverages indulged in moderately Used tobacco 
He smoked about a dozen cigarettes daily, a pipe occasionally 

Family History — Father living and well , mother dead of unknown cause , 
no brothers or sisters No history of tuberculosis, no nervous, mental or 
endocrmologic diseases in the family 

Picvious History — Pneumonia and measles in childhood Mumps in Febru- 
ary, 1918, unassociated with any testicular involvement No venereal diseases 

Picsent Illness — This dates its inception to an attack of influenza in July, 
1918 At that time he was in bed one week, and suffered from pains in his 
bones, malaise and weakness He states that his temperature reached 106 F 
on a number of days, and he then was delirious 

In the latter part of July, 1918, he was returned to duty, stayed at the 
front about ten days and then was sent back to the hospital for a right-sided 
pleurisy, which had appeared during his initial attack of influenza He remained 
in the hospital this time for seven weeks, suffering from a fibrinous pleurisy 
(right side) In October, 1918, he again returned to duty, remaining in that 
status until March, 1919 

During this period (October, 1918, to March, 1919) he noted the beginning 
of his present illness Pain m the right chest appeared, weakness of the lower 
extremities even to the extent of falling, and sleepiness became manifest At 
the same time, he noticed that his testicles were getting smaller and softer; 
that his skin and hair were getting dry and brittle, that his hips were broad- 
ening with peculiar deposits of fat, and that his breasts were getting larger, 
especially the right 

In March, 1919, he again entered the hospital where he remained until about 
May 1 These symptoms progressed, and, in addition, he noted a frequency 
of urination In the beginning of the illness he lost about twenty pounds of 
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weight, then there followed an increase in weight which has continued ever 
since, until now he weighs 240 pounds 

In July, 1919, he was sent back to the United States About this time, m 
addition to the definite progression of the other symptoms noted, a craving 
for sw'eets and a loss of erections, libido and ejaculatory reflex became evi- 
dent, although prior to this time he wrns quite virile, there have since been 
but few erections or feelings of sexual desire A change of voice (its pitch 
becoming raised) began at this time 

He has also noticed that his upper extremities have grown in length An 
increased thirst has developed in the past few weeks 

Gastro-Intestinal His appetite is rather capricious Bowels Normal 
Vomiting Of considerable frequency in the past six months It is unasso- 
ciated w r ith abdominal pain or hematemesis A “sour stomach” uuth gaseous 



Fig 1 (Case 1) — Dystrophia adiposogenitalis 

and acid eructations accompanies this symptom, together with a sense of ful- 
ness in the abdomen There is no relation to the intake of food, the vomiting 
is aggravated by the acid eructations and alleviated by an empty stomach 
Genito-Urinary No dysuria or hematuria The sexual deficiencies have 
been mentioned No history of enuresis 

Respiratory No cough, no hemoptysis Sharp and stabbing pain occurs 
in the right lower chest, at times No history of epistaxis 

Cardiovascular A considerable degree of shortness of breath is present 
There is edema of the legs when he is up and about Dizziness and a tendency 
toward sjneope are likewise noted 

Central Nervous System Headache is an insignificant symptom seldom 
complained of and when present, is Aertical in type No complaints in the 
spheres of \ision or hearing A certain amount of emotional instability is 
complained of, manifested by his getting upset more easily than heretofore 
Skin Shaung was begun at the age of 17 and resorted to once or 
twice a week until about a 3 ear ago Since that time the period between sha\- 
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ings has increased considerably, until now it is hardly necessary Many attacks 
of urticaria have occurred in the last few years 

Nem ologic and Gencial Physical Examination — Neurologic 1 Cranial 
nerves negative Pupils equal, react fairly well to light and accommodation, 
they are fairly round m contour The fundi and the fields of vision display no 
abnormality, no hemianopsia 

3 Reflexes Knee jerks, right much diminished, left absent Achilles ten- 
don jerk, left much diminished, right absent No Babmski, Oppenheim or 
no past-pointing 

2 Cerebellar functions No adiadokokmesia , no manual or pedal ataxia, 
Chaddock phenomena, no ankle clonus The middle and lower abdominal 
reflexes are present The cremasteric reflexes are not always elicited, when 
they are, a diminution is noted 

4 Motor Motor power is well preserved in the upper extremities The 
muscles of the thigh, viz , quadriceps extensors, hamstrings, abductors and the 
glutei are considerably weakened, especially the abductors, the hamstrings, and 
the flexors of the thigh (pelvofemoral) are involved, whereas the inverters, 
evertors, flexors and extensors of the feet are fairly powerful This stands 
in direct contrast to the fact that the legs are much thinner than the thighs 
(pseudohypertrophy of thighs ? ) 



Fig 2 (Case 1) — The genitalia 

Elect) ical Examination — Examination was confined to three muscles on the 
left side, the tibialis anticus, gastrocnemius and quadriceps extensor Faradic 
response was obtained m all three muscles , but it was weak and appeared only 
when the primary coil was completely covered A quick galvanic response, with- 
out tetanus or reversal, was obtained from all three muscles, but the reaction 
did not start to appear until the current reached 15 milliamperes 

Examination with the Jones’ condensor A barely perceptible response was 
obtained with the following strength in microfarads, using 100 volts Tibialis 
anticus, 0 02, gastrocnemius, 0 08, quadriceps extensor, 0 07 

In the control, a normal person, a response was obtained with 001 micro- 
farad in all three muscles 

Summary Marked diminution of faradic and galvanic irritability The 
reaction of degeneration is not present A waddling gait is present, associated 
with lumbar lordosis 

Sensoiy The appreciation of all forms of sensation seems slightly dimin- 
ished on the left side, with the exception of the muscles and joint sense which 
seems to be well preserved on both sides The sensory findings vary, and areas 
of anesthesia (touch) are found on the dorsum of the feet, pam appreciation, 
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heat and cold perception, however, are well preserved Vibration sense is lost 
m both lower extremities The sensory abnormalities disclosed are incon- 
stant, and are definitely of a functional nature Reexamination at intervals of 
months reveals no essential change in the sensory sphere 

6 Psychiatric examination reveals no abnormalities The patient is neither 
depressed nor taciturn 

General Physical Examination — The figure is of a feminine type Deposits 
of fat are especially noted over the iliac regions and the buttocks, in the pubic 
region and on the lower abdomen A collar of fat in the neck obscures the 
thyroid cartilages (pomum Adami) , a questionable enlargement of the thyroid 
gland is present Special deposits were noted on the outer aspects of both 
thighs and m the breasts The breasts are notably large, the right being larger 
than the left (Fig 1) 

The skin is quite smooth, soft, pinkish and dry, its thinness, as determined 
by the hypodermic needle, deserves special mention The skm is quite easily 
bruised The face is beardless , the hair is dry and stiff The configuration of 
the genital hairs is distinctly of a feminine type (Fig 1) the hair in this region 
and in the axilla being quite sparse 

The testicles are quite small and atrophic, the scrotal folds surround the 
penis, like labia, being inserted laterally to the penis (Fig 2) 



Fig 3 (Case 1) — The teeth 


The teeth are small , abnormal spacing is noted between the incisors , espe- 
cially the lower central incisors The upper central incisors are rather large 
The canines simulate the incisors, and lack the fang form (Fig 3) 

The hands are large, but not unusually so 

With the exception of the bilateral genu recurvatum and genu valgum, and 
the marked lumbar lordosis, hyperextensibility is not found in any other joints 

Nose and Throat Aside from deflection of the nasal septum to the right, 
no other nasal abnormalities found The tonsils are moderately large, the 
pharynx is negative 

Ears The ears reveal normal hearing, and are normal to labyrinthine 
(Barany) tests 

Eyes The pupils are usually dilated and react well to light and accommo- 
dation , on convergence, the left eye quite constantly fails (l e , swings out- 
vard) Vision Oct 14, 1919, right, 20/30 plus, left, 20/30 plus, 1 degree 
esophona Ocular movements good in all directions Fields show no defects 
m either eye Outside of very slight blurring in the left disk margins, both 
fundi are negatne Conclusions No ocular abnormalities noted Feb 9, 1920, 
msiou was, right, 20/20, left, 20/20 No change since above examination 
March 1 and March 20 1920, perimetric examination to form and color was 
normal June 5 Fundi and perimetric examination to form and color were 
normal 

Lungs Normal 




BROCIC-KA Y— ENDOCRINE DISTURBANCES 


5 


Heart The point of maximum intensity is not seen The left border is 
0 5 cm outside the left nipple line, at the apex the first sound is heard rather 
weakly, a soft systolic murmur is heard at the apex, but it is not transmitted 
The action of tryamin reveals a normal cardiac response 
Blood Pressure Taken at intervals of two minutes 


Pulse 

f umuu 

Systolic 

Diastolic 

90 

122 

80 

90 

122 

82 

90 

120 

85 

94 

120 

84 

90 

122 

85 

90 

122 

84 

94 

122 

84 



Fig 4 (Case 1) — Roentgenogram of the sella turcica 

When taken at intervals of one minute, the blood pressure was 

Systolic Diastolic 

122 85 

122 85 

122 84 

Aside from a slight increase in the pulse rate, no other abnormalities are 
found 

Cyanosis is not noted in hands or feet Edema of a moderate degree is 
found in the lower extremities, more especially after exertion 

Abdomen No viscera are palpable The markedly adipose pendulous 
abdominal wall has been mentioned, numerous striae are seen here as well as 
over the thigh Rectal examination reveals an unusually small, firm prostate 

Glands No special adenopathy 

Temperature Records taken daily, every hour or two, for three weeks 
show a range between 98 F in the morning and 994 F in the afternoon The 
afternoon and evening rise are quite constant 
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LABOR VTORV D \T V 



Teb 9, 1920 

Teb 22, 1920 

May, 1920 

Dry throcy tes 

4,100,000 

5,400 000 


Lcukocy tes 

8,200 

9 200 

7,600 

Hemoglobin, per cent 

85 

90 

80 

Differential Count 




Small mononuclears, per cent 

14 

20 

16 

Large mononuclears, per cent 

10 

3 

12 

Poly morphonuclcars, per cent 

76 

77 

72 

BLOOD CHEMISTRV * 


Blood sugar (fasting stomach, March, 1920), 0 058 per cent 
Blood sugar curve (May, 1920) Blood Urine 

Per Cent 

Fasting 0 078 None 

One hour after taking 183 5 gm glucose 0 140 None 

Two hours afterward 0 104 None 


Blood sugar curve (August, 1920) Determined four months later when the patient was 
gaining weight rapidlj, having attained 250 pounds 

Per Cent 


Tasting 0 133 

One half hour after taking 183 5 gm of glucose 0 238 

Two hours afterward 0 312 

Three hours afterward 0 232 


(* These determinations were made in the laboratory of Dr George Draper ) 
Urea nitrogen 15 4 mg per 100 c c of blood (May, 1920) 

Blood creatinin 1 97 mg per 100 c c of blood (March, 1920) 

Blood creatinin 1 4 mg per 100 c c of blood (May, 1920) 

Blood creatin 4 1 mg per 100 c c of blood (May, 1920) 

Blood uric acids 2 3 mg per 100 c c of blood (May, 1920) 

Blood calcium 11 7 mg per 100 c c of blood (April, 1920) 

Blood carbon dioxid 62 4 volume per cent 

Blood Wasscrmann reaction was negative Oct 17, 1919, and Feb 10, 1920 
Bleeding time 2 minutes 
Coagulation time 454 minutes 


FECES 


March 1, 1920 Mucus, negative, muscle fibers, few striated and nonstriated fibers pres 
ent, fat moderate, starch, negative 

March 3, 1920 After the ingestion of 200 gm fat in the form of butter, the color was 
dark brown, consistence, hard, mucus, negative, blood, free (occult) negative, muscle fiber, 
none, fat, moderate amount, no appreciable increase of this substance over that found on 
previous examination, starch, negative 


STOMACH CONTENTS 

Oct 21, 1919 

Tree hydrochloric acid, negative 
Occult blood, negative 
Total acidity 

SPINAL FLUID 


March 5, 1920 
27 


Negative 


59 


Pressure, normal, transparency, clear, cell count two, globulin, negative, Wasscrmann 
negative, colloidal gold curve, normal for preliminary and final curves 


URINE 


Numerous urine examinations were made at varying intervals They all 
rev ealed 

Amber color, clear, acid, specific gravity varying between 1 010 and 1 030, with an aver 
age of about 1 022, albumin, negative, sugar negative, acetone, negative Casts were not 
found at any time The average output of eight twenty four hour observations was 1,300 cc 
with a range of from 750 to 1 900 cc Phenolphthalein showed 25 per cent output for the 
first hour, 40 per cent for the second hour, total, 65 per cent Total nitrogen, 11 7 gm , 
uric acid 0 47 gm , urinary creatin, 0 09 gm , urinary creatinin 1 4 gm 

■Suoar Tolerance Test (Alimentary Glycosuria) — No glycosuria after 100 gm glucose, 
after 183 gm glucose, after 100 gm glucose with 1 cc of 1 1,000 epmephrin solution hypo 
dermtcalh, nor after 150 gm glucose with 1 cc of 1 1 000 epinephrm, hypodermically 
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Pathology — A specimen of muscle removed from the biceps of the right 
thigh showed on gross examination a distinct pallor Histologic examination 
“does not appear to show any pathologic change of importance There is some 
fatty infiltration, but the muscle bundles themselves do not exhibit any evi- 
dence of degeneration or other lesion of significance ” (Dr K M Vogel ) 
These findings indicate very strongly the early stages of muscle dystrophy 


Roentgen-Ray Findings 

Chest — Aug 12, 1919 Apices clear Moderate amount of peribronchial infiltration on 
both sides, especially right base 

Heart — Oct 5, 1919 Transverse diameter of the heart shadow measures 14 cm and docs 
not show a definite enlargement, except in the regions of the auricles, and is the type of 
heart shadow noted in mitral insufficiency 

Head. — October 5 There is noted a deep sella turcica with rather long anterior clinoid 
process No other irregularity or deformity noted in the bones of skull (Fig 4 ) 

February, 1920 Lateral stereo of head shows no evidence of pathology about sella turcica 
The mastoids are clearly shown and are negative, as to bone pathology Anteroposterior and 
lateral views show large frontal sinuses which are clear Ethmoids and antra are clear 
There is a shadow which appears to be a spur on right side of septum 

June 24, 1920 No further change in sella turcica is noted 

Bones — March 2, 1920 The epiphyses of the lower end of tibia have united, but the 
epiphyseal line is still evident This is seen in 90 per cent of individuals of his age All 
other joints taken are negative A good portion of the shafts of the bones are shown, and 
also are negative 

Stomach — March 2 Fluoroscopic examination shows the stomach normal in size and 
position Peristalsis active and stomach begins emptying very quickly Pylorus in midline, 
no filling defect noted m stomach The duodenal bulb appears normal Plate examination 
confirms fluoroscopic There is no six hour retention The bowel has begun emptying in 
twenty four hours and there is still some barium in large intestine in forty eight hours No 
abnormality is noted in the large intestine Roentgen ray findings are negative except for 
a hyperperistalsis in the stomach Pineal shadow suggestive, thymus shadow absent 

MEASUREMENTS Or PATIENT 


Cm 

Total length 176 5 

Circumference of head 57 5 

Circumference of chest (at level of nipples) 101 

Circumference of abdomen (at umbiiicu.,) 112 5 

Sternoclavicular junction to anterior superior <-p ne of i mill 39 

Anterior superior spine to internal malleolus 93 

Anterior superior spine to upper border of patella 48 

Acromion to styloid process of radius 62 5 

Acromion to tip of olecranon 34 

Distance between acromion processes 42 

Distance between iliac spines 25 

Spanwidth 192 

Penis 5 5 

Testes 2 5X1 

Thigh, right 63 

Thigh, left 63 

Calf, right 35 

Calf, left 35 5 

Arm, right 34 

Arm, left 32 5 

Torso leg ratio 39/93 or 0 42 
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EPINEPHRIN TEST (GOETSCH’s) 


Before administration 

Pulse 

96 

z—Blood 

Systolic 

122 

Pressure— 

Diastolic 

90 

Sjmptoms and Signs 

Epinephnn, 0 5 c c 1 1,000 
tion, hypodermicallj 

Soil! 




7 min later 

104 

136 

88 

Patient complains of nervous 
ness Has moderate tremor 
of hands 

10 min later 

104 

140 

84 

Tremor and throbbing of 
vessels and palpitation of 
heart marked Patient feels 
nervous and “shaky ” 

16 min later 

108 

140 

88 

Tremor, palpitation and ner 
vousness marked 

24 min later 

10S 

142 

88 

Marked tremor, etc 

30 min later 

102 

145 

100 

Symptoms as above 

35 min later 

104 

150 

95 

Marked palpitation, tremor, 
nervousness, pallor Res 
piration 22 

60 min later 

112 

165 

90 

Marked tremor, palpitation, 
throbbing of vessels First 
sound at apex sharp with 
loud systolic murmur 

1 hr and 30 min later 

110 

145 

88 

Tremor, palpitation, throb 
bing and nervousness 
marked 

2 hr and 10 min later 

120 

135 

88 

Palpitation and throbbing of 
vessels still fairly marked 
Patient still complains of 
nervousness 


EPINEPHRIN TEST 


, — Blood Pressure—, Respira 

Pulse Systolic Diastolic tion Symptoms and Signs 


Before administration 

82 

112 

90 

24 


Epinephnn, 1 cc, 1 1,000 
solution, h\podermicill> 






10 mm after 

100 

148 

85 

29 

“Feels nervous,” the out 
stretched hands show con 
siderable tremor, the face 
is somew'hat blanched Car ' 
diac palpitation 

20 min later 

100 

140 

80 

35 

Tremor marked, considerable 
cardiac palpitation, with 
pulsation of neck vessels 
Definite pallor 
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EPINEPHIUN TEST AND OBSERVATION OF SERGENT’s WHITE LINE 



(white 

ADRENAL 

line) 


Before administration 

Epmephrin, 1 cc, 1 1,000 
hypodermically 

Pulse 

80 

solution 

r~ Blood Pressure—, 
Systolic Diastolic 

120 80 

Symptoms and Signs 

5 min later 

104 

140 

80 

Tremor fairly marked Heart 
thumping, palpitation 
marked, patient moderately 
pale, respiration rapid, pa 
tient complains of feeling 
very nervous Disappear 
ancc of white adrenal line 

10 min later 

112 

140 

80 

White adrenal line gradually 
reappearing, and becoming 
more marked Marked 

tremor, palpitation of heart, 
nervousness continuing 

15 mm later 

112 

145 

80 

White adrenal line well 
marked, notwithstanding a 
maintenance of the height 
ened blood pressure Tre 
mor, etc , still marked 

25 mm later 

115 

140 

80 

White adrenal line still 
marked Blood presstne 

still high 

30 mm later 

112 

135 

78 

White adrenal line still 
marked, blood pressure fall 
ing, tremor, palpitation, 
nervousness, still present 


The interest in the above observations attaches to the rapid disappearance 
of the pure white adrenal line, as described by Sergent, following the admin- 
istration of epmephrin, and to its rapid reappearance in the face of the sus- 
tained increased blood pressure 

The length of time during which the blood pressure (systolic) remained 
elevated is quite unusual, as is also the persistence of the nervous and cardiac 
phenomena 

From the above observation it would seem that the presence of the white 
line depends on factors other than lowered blood pressure 


TYRAMIN AND OBSERVATIONS ON WHITE ADRENAL LINE 




, — Bloo'd 

Pressure — ,, 

Symptoms and Signs 


Pulse 

Systolic 

Diastolic 

Tyramin, 60 mg , hypodermically 




White adrenal line present 

5 mm later 

80 

140 

78 

White line just as marked as 
before drug’s administra 





tion 

10 mm later 

80 

145 

80 

Intensity of white line same 

15 mm later 

64 

130 

80 

Intensity of white line just 


as marked 
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Pulse 

! — Blood Pressure—^ 
Systolic Diastolic 

Respira 

tion 

S>mptoms and Signs 

Before administration of 
SO mg tyramm, h>po 
dermically 

100 

130 

90 

40 

White line present 

5 mm later 

64 

180 

105 

70 

White line unchanged 

10 mm liter 

6S 

186 

104 

78 

White line unchanged 

20 mm later 

80 

170 

100 

62 

Temperature, 98 4 F , 'white 
line unchanged 


Tins again demonstrates the persistency of a marked line m the presence of 
an increased blood pressure, brought about by tyramm 


PITUITARY EXTRACT AND OBSERVATIONS ON WHITE ADRENAL LINE 
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PILOCARPIN TEST (2) 


, — Blood Pressure-^ 

Pulse Sjstolic Dnstolic Sjmptoms and Signs 


Before 

administration 

90 

220 

85 


Piloctrpin, 0 0065 gm , 
call} 

li}podermi 




5 min 

later 

90 

120 

85 


10 min 

later 

96 

120 

80 

Moderate salivation , slight 
sweating 

20 min 

later 

100 

124 

80 

Quite marked salivation , 
moderate sweating, slight 
flushing of cheeks 

30 min 

later 




White line of Sergent well 
marked 

30 min 

later 

100 

124 

80 

Rather marked salivation, 
skin moist Patient uri 

nated three times during 
action of the drug Pa 
tient expectorated about 
three ounces of saliva 


ERGOTIN TEST 


z—Blood Pressure—, 

Pulse Systolic Diastolic Symptoms and Signs 


Before administration 

Ergotm, Vio gr , hypodermically 

84 

124 

80 


5 mm later 

88 

122 

80 


15 mm la*er 

88 

122 

80 

No special signs or symptoms 
noted 


PH\ SOSTIGMIN (ESERIN) TEST 



Pulse 

Respiration 

Symptoms and Signs 

Before administration 

92 

34 


Physostigmm, %o grain 

15 min later 

96 

36 

Outside of slight headache and slight saliva 
tion, no gastro intestinal effects were noted 
during the hour following the giving of this 
drug Blood pressure readings showed no 
change 


\SCHXER’s PHENOMENON (OCULOCARDIAC REFLEX) 

Pul=c, 72 Slight increase to 84 Winking reflex, 13 per minute Loewi’s phenomenon 
(cpinephrin instillation in conjunctival sac) Negative 


GOETSCH’S SKIN TEST 

This test was marked!} positive A large central area of blanching surrounded by a 
peripheral zone of reddening lasted from four to five hours In the blanched area there 
was the characteristic goose flesh formation 


In view of the surprisingly high respiratory rates gotten in response to the 
injection of some of the foregoing drugs, it was decided to determine how 
much of a psychic factor entered into this peculiarity Accordingly, 1 c c of 
sterile water was injected subcutaneously Soon after the respiratory rate 
rose from 24 to 46 In view\of this, the high respiratory rates recorded m 
the foregoing observations must be discounted considerably 

\ 
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cushing’s thermo-reaction 

An attempt was made to determine the effect of pituitary extract injections 
on the temperature, injections were made on six successive occasions A rise 
to 99 8 and 992 F occurred on two occasions, the other four injections pro- 
duced no reaction 


TABLE 1 — Sympathicotonia 




Case 1 

Case 2 

Case 3 

1 

Mydriasis 

Positive 

Positive 

Negative 

2 

Paralysis of accommodation 

Negative 

? 

Negnthr 

3 

Dryness of eyeball 

Negative 

Negative 

Negntive 

4 

Infrequency of winking 

Negative 

Positive 

Positive 

5 

Dryness of mouth 

Negative 

(slight) 

Negative 

Negative 

C 

Low gastric acidity 

Negative 

Negative 

Negative 

7 

Increased gastric secretion 

Positive 

Negative 

Negative 

8 

Lessened intestinal tonus 

Negative 

Negative 

Positive ? 

9 

Constipation 

Negative 

Negative 

Negative 

10 

Faulty convergence of eyes 

Positive 

Positive 

Negative 

11 

Wide eyeslits 

Positive 

Negative 

Negntive 

12 

Exophthalmos 

Negative 

Negative 

Negative 

13 

Tachycardia 

Positive 

Positive 

Negative 

14 

High blood pressure 

(slight) 

Slight 

(slight) 

Positive 

(Blight) 

Negative 

Negative 

15 

Vasoconstriction 

Positive 

Negative 

1C 

Relaxation of detrusor of bladder (incontinence) 

Negative 

(slight) 

Negative 

Negative 

17 

Urticaria 

Positive 

(history) 

Negative 

Negative 

Negative 

18 

Atony of stomach 

Positive 

Positive 

19 

Gastroptosis 

Negative 

Positive 

Negative 

20 

No dermatograplna 

Positive 

Slight 

Negativ e 

21 

Tonsils small and atrophied 

Negative 

Positive 

Negative 

22 

Gag reflex marked 

Positive 

Negative 

Negative 

23 

Eosinopenia 

Positive 

Positive 

Positive 

24 

Tachypnea with dyspnea not affected by atropin, 
i e , rate not lowered by atropin 

Dry hands and feet 

Positive 

Negative 

Negntive 

25 

Positive 

Negative 

Negntive 

26 

Ashner’s phenomenon (oculocardiac reflex) pro 
duces no change in pulse 

Positive 

Negntive 

Negative 

27 

Steatorrhea 

Negative 

Negative 

Negative 

28 

Lowered carbohydrate tolerance before and after 
eplnephrin administration 

Negative 

Negative 

Negative 

29 

Pilocarpin causes no salivation 

Negative 

Positive 

Negative 

30 

Loewi’s test positive 

Negative 


Negative 

31 

Reaction to epinephrin 

Positive 

Negative 

Negative 

32 

Pituitary extract 

(marked) 

Fairly 


Same 

33 

Reaction to ergotm 

marked 
peripheral 
constriction, 
movement of 
bowels 
Slight 


Slight 

34 

Tyramin 

Marked 


Slight 


reaction 


reaction 


BASAL METABOLISM 

1 March 27, 1920 — Calories per sq meter per hour, 29 3 Variation, minus 26 per cent 1 

2 April 15, 1920 — Calories per sq meter per hour, 35 6 Variation minus 10 per cent 

Antmtnn (extract of anterior lobe of hypophysis, Parke, Davis & Co ) 1 c c was now 

given hypodermically, 15 minutes after the basal metabolism revealed Calories per sq meter 

per hour, 36 6 Variation, minus 7 per cent , 45 minutes after Calorics per sq meter per 
hour, 34 5 Variation, minus 13 per cent 

The patient was suffering from a rather severe rhinitis and pharyngitis, the temperature 
ranging from 99 5 to 100, while these determinations of April 15, 1920, were being obtained 

3 May 6, 1920 — Basal metabolism determinations with patient on 1 c c of antuitnn 
(Parke, Davis &. Co ) by hypodermic, three times daily, for a period of two weeks, together 
with capsules of orchic extract, 5 grains, three times daily, revealed Calories per sq meter 
per hour, 33 7 Variation, minus 14 5 per cent 


1 Determination made by Dr B Sanger, department of metabolism, Presbyterian Hospital 
The determinations of April 15 and May 6 were made by Dr H E Marks, department of 
metabolism, College of Physicians and Surgeons (Columbia University ) 
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COMMENT 

Owing to the patient’s n regular respiratory excursion, the basal 
metabolism findings were obtained with difficulty Such variations, 
as may be ascribed to respiratory irregularity probably do not amount 
to more than 4 or 6 per cent In general, it may be said, that the 
basal metabolism is lowered, that a decrease is from minus 10 to minus 
26 per cent Administration of antuitnn hypodermically caused little, 
if any, change, other than the slight rise from minus 10 to minus 7 
per cent , either when given du ectly before the basal metabolism deter- 
mination, or when administered steadily with orchic extract for weeks 
prior to the determination In other words, neither a single dose nor 
the cumulative effects of many doses of antuitnn seemed to alter the 
basal metabolism 1 

It seems not unlikely that the nasopharyngeal infection present 
during the second series of metabolism determinations produced a 
slight rise Interpreted in the light of the polyglandular disurbance, 
the lowering of the basal metabolism indicates that the hypopituitarism 
present is of much greater intensity than the hyperthyroidism 

PROGRESS NOTES 

During the period of observation (six months) certain impoitant 
additional facts were noted (1) a marked susceptibility to infection, 
(2) the gradual development of a slight weakness of the shoulder 
group of muscles, (3) periods of somnolence, (4) a continuance of 
gam m weight until 250 pounds were attained in August, 1920, (5) an 
indolent reaction of the tissues in healing, with relation to the wound 
in the thigh, through which a specimen of muscle was obtained 

TREATMENT 

After a week of thyroid tablets, 0 065 gm, three times a day, dizziness 
tachycardia (120), tremor and weakness appeared 

At another hospital, the patient was given whole gland hypophysis (Armour 
and Co ) over a period of three months No improvement was noted In 
fact, the patient thought he became worse, i e , his weakness increased No 
reduction of weight occurred during this time a 

Various combinations of gland products were given in a variety of ways 
with no real impnnement Extract of whole pituitary gland (Armour and 
Co ) from 0 33 to 0 66 gm , three times a day, by mouth, with ampoules of 
antuitnn (Parke, Dans and Co), 1 cc, two, and then three, times a day, 
subcutaneously, together with orchic extract (Armour and Co), 1 gm a day 


1 It is interesting to note that some very recent investigators 2 likewise 

noted no effect on basal metabolism from powdered anterior lobe hypophysis 
In mouth or extract of posterior lobe hypophysis and pars intermedia subcu- 
taneous^ in a group of similar cases \ 

2 Snell A M , Ford, F , and Rowntree, L G Studies in Basal Metabo- 
lism TAMA 75 515 (Aug 21) 1920 
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by mouth, were given over a period of months without beneficial effect Owing 
to the patient’s sensitiveness to epinephrm and pituitarj extract (posterior 
lobe hypophysis), the hypodermic administration of these drugs m doses as 
low as 0 18 c c each, three times a day, had to be discontinued 

The vomiting v r as w r ell controlled by extract of belladonna, 12 c c five 
times a day, combined with bismuth subcarbonate, 0 66 gm and sodium bicar- 
bonate, 1 2 gm , four times a day 

Tincture of digitalis, m the usual dosages, v^as quite effective in rehewng 
the edema of the legs 

f 

DISCUSSION 

1 The Endocune Balance — While there is no doubt that the pic- 
ture presented is one of dystrophia adiposogemtalis, it is difficult to 
differentiate between the hypophysial and pure or primary genital forms 
of this disorder Although there is very little evidence on which 
to involve the hypophysis, namely, no roentgen-ray changes in the sella 
turcia, no signs of intracranial pressure, no polyuria, no subnormal 
temperature, and no blood changes (such as eosmophiha, lymphocytosis, 
low hemoglobin, as noted by Falta 3 ), yet, the lowering of the basal 
metabolism possibly favors pituitary participation as against the pure 
gonadal or eunuchoid type 4 The persistently open epiphyses of 
eunuchoidism are not found here, but as the onset of this affection 
occurred after epiphysial closure (l e after puberty), this differential 
point is of no avail 

It has been suggested 5 that two other gland disturbances may 
possibly produce this syndrome, namely, (1) an involvement of the 
suprarenal cortex, (2) the activity of ovarian rests 

Concerning the former, it may be said that a deficiency of the 
suprarenal cortex may well affect the genital status and the growth 
of the body and hair, but we have been unable to find sufficient evi- 
dence to postulate such involvement , the same is true of ovarian rests 

Of no little interest is the participation of the other ductless glands 
m this syndrome Hyperthyroidism is evidenced by the increased tone 
of the vegetative nervous system, by the questionable enlargement of 
the gland, the epinephrm sensitiveness (the pronounced Goetsch test), 
the increased temperature and pulse rate, and, of most importance, the 
response to thyroid gland feeding (see Chart 1, Fig 15) Of especial 
significance is the increased temperature, for uncomplicated hypopitui- 
tarism is accompanied by a hypothec ima 

As for the gonadal participation, pronounced atrophy of the gonads 
is quite evident - 

3 Falta, W The Ductless Glandular Diseases, Ed 2, Philadelphia, P 
Blakiston’s Son & Co 1916 

4 Falta states “many more ini estimations are necessary” in reference to 
this differential point 

5 Timme, W Personal communication 
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For involvement of the pineal gland, we have the suggestive loent- 
gen-ray shadow and the muscular dystrophy c 

Since we regard the white line of Sergent as being a very doubtful 
sign of hypoadrema, 7 and with no other certain evidence of deficient 
suprarenal secietion, the participation of this gland seems very doubtful 

Claude and Gougerot 8 have considered a somewhat allied clinical 
syndrome some yeais ago under the caption of “Insuffisance pluriglan- 
dulaire endocrmienne,” in which an instance of thyro-suprarenal-tes- 
ticular deficiency was described 

Von Dziembowski 0 reports a case of dystrophia adiposogemtahs 
with muscular dystrophy m a young man of the same age with findings 
very similar to those here presented 

2 Muscle Dystiophy — The relationship of the muscular dystro- 
phies to endocrine disturbance was emphasized of late by W Timme 6 
and by Janney, Goodhart and Isaacson 10 These authors have reviewed 
the literature on this subject Timme emphasizes the role of the pineal 
gland, Janney and his co-workers note a polyglandular involvement 
m which the thyroid, hypophysis, gonads, pineal and supra-adrenals 
participate 

The latter workers have also drawn attention to the creatm — 
creatmin and sugar metabolism In their series of dystrophy case, 
they found a marked decrease in the urinary preformed creatmin, the 
abnormal presence of creatm in the urine, low blood creatmin values 
with a normal amount of creatm in the blood, a hypoglycemia and 
a delay in the utilization of sugar 

In the case recorded above, there was a normal blood creatm, and 
the abnormal presence of creatm in the uime The creatmin in the 
blood and urine is in normal amounts This may be due to the 
limited extent of the dystrophy present in this case at the present 
time, with the preservation of a good deal of normal muscle function 
especially in the upper extremities There is definite hypoglycemia, 11 
and a delayed utilization curve present 12 

In this connection the cardiac weakness manifested by this patient 
since the onset of the illness may be due to a cardiac involvement in 

6 Timme, W Progressive Muscular Atrophy as an Endocrine Disease, 
Arch Int Med 19 79 (Jan ) 1917 

7 Kay, W E, and Brock, S The White Adrenal Line (Sergent) Its 
Clinical Significance, Am J M Sc , to be published 

8 Claude, H , and Gougerot, H Insuffisance piuriglandulaire endo- 

crinienne, J de physiol et path gen , June, 1908 * 

9 Von Dziembowski, S Dystrophia Adiposo-genitalis mit Myopathie, 
Deutsch med Wchnschr 43 654, 1917 

10 Janney, N W , Goodhart, S P , and Isaacson, V I The Endocrine 
Origin of Muscular Dystrophy, Arch Int Med 21 188 (Feb ) 1918 

11 See blood sugar determination of March and May, 1920 

12 See blood sugar determination of August, 1920 
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the dystrophic process, a point recently emphasized by Goodhart and 
Globus 13 

3 The Vegetative Netvons System — The reactions on the part of 
the vegetative nervous system indicate a marked hyperirritability, which 
is predominantly sympathicotonic as evidenced by the pronounced sen- 
sitiveness to epmephrm and to the other tests indicative of sympathetic 
dominance (Tables 1 and 2) 

The significant disappearance of the white adrenal line (Sergent) 
following the administration of epmephrm, with its rapid reappearance 
deserves mention, the more so as the reappearance of the line occurred 
while the other manifestations of epmephrm action were still m marked 
evidence (tremor, cardiovascular symptoms and elevated blood pres- 
sure), This fact, as well as other investigations which are now being 
made on the white line, lead us to hesitate in accepting the alleged 
dependence of this phenomenon upon a state of hypo-adrenia 

4 Complicating Infections — A noteworthy feature of the case is 
the patient’s susceptibility and reaction to infection While under 
observation he has had numerous nasopharyngeal and respiratory infec- 
tions In an attack of follicular tonsillitis the pulse rose to 160, res- 
pirations to 50, and the temperature to 105 F , remaining thus for 
forty-eight hours, periods of delirium accompanied the infection 
This indicates a distinct lack of immunity bodies The response to 
infection also reveals certain sympathicotonic characteristics in the 
symptomatology 

At this point the relationship of influenza to the production of this 
dysglandular disturbance may be considered We believe that this indi- 
vidual had always been of the hypopituitary type, that the predispo- 
sition to a glandular dyscrasia was latent, and that the severe infection 
merely served to upset the balance to such a degree as to bring about the 
marked changes described 

Case 2 — A polyglandular syndtome on a definitely hcieditaiy basis, in 
which a hyperfunctioning of the thymus and sufiiaicnal glands countei balances 
a hypopitmtaiy state . Of especial intei est aie the physical manifestations, the 
mci cased muscular powei , the i oentgen-iay and laboratoi y findings Atten- 
tion is dvectcd to the lemarhable conti ast offcied between this case and 
Case 1 

M C, white, 20 years of age, prewar occupation, laborer Habits Nega- 
tive for alcoholic excesses and drug addiction 

Family Histoiy — Father, paternal grandmother and aunt are very stout, 
short in stature and possess a convergent strabismus similar to that shown by 
the patient The father suffers from “asthma and rheumatism ” Mother is 
small and thin, she has been operated on for gallbladder disease Brothers 


13 Goodhart, S P, and Globus, J H On the Nature of Muscular Dys- 
trophies, with a Report of Changes in Cardiac Muscle m Two Cases, Neurol 
Bull 1 386, 1918 
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none Sisters one, living and well she resembles the mother but not the 
father nor the patient 

Personal History — He has had measles and influenza, the latter disease kept 
him in bed about two weeks No gunshot wounds or other casualties No 
venereal infection 

Picscnt Histoiy — The patient was sent to the hospital for mental observa- 
tion, because of numerous escapades, and infractions of militarv regulations 

Gastro-Intestinal Appetite voracious does not care foi candy or sweets 
Vomiting, none No gaseous or acid eructations Bowels Four or five move- 
ments a day 



Fig 5 (Case 2) — Dystrophia adiposogenitalis 

Respiratory No cough no hemoptysis , no pain m the chest Epistaxis, 
seldom 

Nervous System Headache at times, located in forehead abbve the eyes , 
a dull pain getting better as the daj progresses, inconstantly present, and 
sometimes absent for weeks No especial nervousness, no dizziness, no faint- 
ing, no comulsne seizures 
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Cardiovascular Somewhat short \\ mded, getting out of breath on running 
no swelling of the feet, no palpitation of heart, no precordial pain 

Gemto-Urmary System Urinates about six times per day No nocturia , 
no dysuria, no hematuria, no enuresis Libido is apparently much diminished, 
states he entertains no feeling of sexual desire, nocturnal emissions absent 
No history of coitus or homosexual practices 

Physical Examination — The patient is of a short, stout build (Fig 5), 
weighing about 180 pounds The fat distribution is of an adiposogemtalis nature 
being noted especially m the breasts, lower abdomen, pubic regions and over 
the lliae The skin over the abdomen and face is fine smooth and silky The 
breasts show a marked areolae formation 

Hair The pubic hairs reveal a horizontal upper border simulating the 
female type The hair is sparse over the abdomen, face and axillae, the hair 
on the face is limited to the chin and upper lip, being of the lanugo variety'. 
The hair of the head and eyebrows is rather profuse, that over the lower 
back, buttock and thighs is considerable in amount, fine in texture and rather 
sharply' delimited from the hairless parts above Shaving is resorted to twice 
a week 

A definite degree of {figmentation is noted, especially' about the waist and 
m the axillae 

The patient perspires very profusely' 



Fig 6 (Case 2) — The teeth 

Teeth The teeth are definitely' abnormal In the upper row, the two 
central incisors are large, the left lateral incisor is erupted behind the left 
upper canine The right upper canine is quite small and resembles an incisor 
The lower incisors are irregularly erupted and stunted in growth The first 
molars have a fang-like contour Many' cavities of small and large size and 
some pyorrhea alveolans are present (Fig 6) 

Genitalia Testicles are of medium size, situated near the external inguinal 
ring The penis is normal in size and in power of erection 

Heart The left border percusses out one inch beyond the nipple line, rate 
slow (80 per minute) , rhythm regular A soft systolic murmur is heard over 
the aortic area, it is not transmitted 
Blood Vessels Negative 
Thy'roid Not enlarged 

Lungs Slight dulness right base No other abnormalities 
Abdomen Negative 

Glandular and Osseous System Negative 

Neurologic Examination — 1 Cranial Nerves Eyes Right affected with a 
convergent squint Pupils equal, round, regular in contour and reacting to 
direct and consensual light stimulation There is some restriction of the field 
of vision of the right eye incident to the strabismus No cranial nerve palsy' 
2 Motor An unusual degree of muscle strength is exhibited by this mdi- 
' vidual He is able to lift and carry' -very heavy objects, seemingly out of 
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proportion to his height and general stature (This capacity has influenced his 
choice of occupation He has always worked at very laborious tasks as freight 
handling, etc ) No tremor is present 

3 Sensory No abnormalities 

4 Reflexes Normal, no abnormal reflexes 

5 Equilibration Normal No ataxia No adiadokokinesis 

Psyclixatnc Examination — This reveals a definite degree of mental deficiency, 
with the emotivity, suggestibility, and irresponsibility of a child 

Roentgen-Ray Examination 

Chest — Anteroposterior stereoroentgenogram (Fig 7) shows a marked 
retraction in the right lateral aspect where there is a considerable thickening 
of the pleura, the costophremc angles are clear The upper mediastinum 



Fig 7 (Case 2) — Roentgenogram of the chest 

reveals a distinct thymus shadow The right lung shows considerable cloud- 
ing of apex The bronchial trunks reveal considerable thickening The left 
lung is negative The apex does not give the impression of activity The 
heart shadow appears moderately enlarged to the left 

Hands — Anteroposterior view reveals the tapering form to the fingers and 
the small tufts characteristic of hypopituitarism (Fig 8) The stereoroentgeno- 
gram of wrist joint, including carpus and metacarpus, shows that the epiphysis 
of the lower ends of the radius and ulna are not united firmly There is an 
area of rarefaction at the proximal end of the second metacarpal bone on 
both sides The femora and knee joints are negative 

Head — The lateral stereoroentgenogram reveals a sella turcica which is 
quite shallow anterior clmoid processes, which are shortened and blunted, 
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and a posterior wall seemingly eroded , the posterior clinoid processes are 
shortened and indistinct (Fig 9) 

Gasti o-Intestinal Tiact — Fluoroscopic examination shows a slightly dilated 
stomach with lower border on level of crest of ilium Stomach was hypotonic 
but began emptying in ten minutes Emptied in midline Examination of 
duodenum negative The two and one-half and six hour plates each shows 
retention in the stomach The six hour plate showed that the barium had 
passed entirely through the small intestines and was then present m the large 
bowel and rectum The appendix was visualized in the twenty-four and fortj- 
' eight hour plates The large intestines appear to be entirely empty m fortj- 
eight hours 



Fig 8 (Case 2) — Roentgenogram of the fingers of hypopituitarism 

The roentgen-ray findings in this case show that patient has a hypotonic 
stomach , hypertonic small intestines , a residual appendix The large intes- 
tines empty in the normal time 

PHARMACOLOGIC TESTS (VEGETATIVE NERVOUS SYSTEM) 


Pituitary Extract Pulse Blood Pressure Symptoms 

Before administration 85 120 65 


Pituitrin, 1 c c , 
dermically 

15 min later 

25 mm later 


hypo 

84 125 85 

84 120 80 

127 80 


Patient pale, no -white line, slight red line 

Patient pale, no other symptoms, slight red 
line Temp 98 8 F 

Patient still slightly pale, no other sjmptoms, 
slight red line 


40 min later 


80 




22 


ARCHIVES OF JA TERXAL MEDICINE 


ATROPIN TEST 


Before administration 

Pulse 

80 

, — Blood Pressure — , 

Sjstolic Diastolic Symptoms and Signs 

122 55 

Atropin sulphate, 1 6o gram, 
mically 

h> poder 




10 mm later 

80 

120 

70 

Moderate dryness of mouth, 
pupils dilated, white line 
present, of moderate in 
tensity 

20 mm later 

90 

115 

65 

Patient complains of dryness 
of mouth, no other symp 
toms, no flushing, extreme 
dryness, respiration, 35 

30 mm later 

84 

118 

65 

Mouth moderately dry, white 
line of moderate intensity, 
no especial symptoms or 
signs, oculocardiac reflex 
(Aschner’s phenomenon) 
negative, l e no change 
in pulse, 90 to 86, pupils 
dilated 

1 hour later 

80 

122 

60 

Moderate dryness of mouth, 
slight dryness of skin, res 
piration, 26 

Before administration 

85 

135 

60 


Atropm, Vioo grain 





5 mm later 

90 

128 

75 

No symptoms 

7 mm later 

90 

130 

70 

No symptoms 

17 min later 

86 

134 

70 

White line present, of moder 
ate intensity on light pres 
sure, red line on moder 
ately deep pressure, no 
symptoms 

30 mm later 

84 

130 

80 

Slight dryness, white line 
present, of moderate in- 
tensity, red line of moder 
ate intensity intermixed 
with white line on deeper 
pressure 

■40 mm later 

88 

130 

70 

Slight dryness 


PILOCARPIN TEST 



Pulse 

c— Blood Pressure—, 

Systolic Diastolic Symptoms and Signs 

Before administration 

88 

138 

40 

White line present 

Pilocarpin, Vio gram, hypodermically 

10 mm later 

88 

138 

40 

Patient feels warm, saliva- 
tion and perspiration mod 
erate in (degree 

25 mm later 

88 

138 

40 

Face flushed, moderate per 
spiration and salivation, 
marked red line not hither 
to noted, white line pres- 
ent on light pressure, but 
diminished in intensity 

35 min later 

94 

134 

36 

Slight salivation and perspi 
ration, red line not nearly 
as marked, a mixture of 
red and white is obtained, 
white line of moderate in 
tensity 
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EPINEPHRIX TEST 


Before administration 

Before administration 

Epinephrm, 1 c c , 1 
hypodermically 

Pulse 

(10 min ) 88 

(3 min ) 86 

1,000 solution, 

r ~ Blood Pressure — > 
Systolic Diastolic 
130 55 

132 60 

Symptoms and Signs 

8 min later 

80 

136 

45 

No especial symptoms 

20 min later 

82 

138 

45 

Moderate palpitation of heart 
and throbbing of -vessels, 
white line present, no 
especial subjective signs 

25 min later 

88 

134 

60 

Quite marked palpitation and 
throbbing of vessels, no 
tremor, no subjective 
symptoms 

35 min later 

80 

137 

30 

Palpitation and throbbing less 
marked, white line much 
diminished (hardly pres 
ent) , patient has “goose 
flesh” formation 

50 min later 

80 

136 

35 

Still moderate throbbing of 
vessels, white line almost 
disappeared, red line pres 
ent (no “goose flesh”) , pa 
tient makes no complaint 
of symptoms 


MEASUREMENTS OF PATIENT 


Total length 
Circumference of head 

Circumference of chest (at level of nipples) 
Circumference of abdomen (at umbilicus) 
Sternoclavicular junction to anterior superior spine 
Anterior superior spine to internal malleolus 
Anterior superior spine to upper border of patella 
Acromion to styloid process of radius 
Acromion to tip of olecranon 
Distance between acromion processes 
Distance between iliac spines 
Span width 
Penis (length) 

Testes, approximately 

Thigh, left 

Thigh, right 

Calf, left 

Calf, right 

Arm, left 

Arm, right 

Torso leg ratio 


Cm 
160 5 

53 
99 
99 
42 
84 
39 5 
49 
30 5 
38 
25 

164 5 
9 5 

4X25 

54 5 
54 5 
33 
33 
29 
29 5 
V 2 or 


5 


Laboratory Dat\ 


blood 


Erythrocytes 
Hemoglobin, per cent 
Leukocytes 

Polymorphonuclears, per cent 
Small mononuclears, per cent 
Large mononuclears, per cent 
Transitionals, per cent 1 

Vassermann negative 


April, 1920 
3,968,000 
85 

10,200 

72 

22 

4 

2 


May, 1920 

4,980,000 

90 

9,700 

72 

16 

12 


BLOOD SUG \R CURVE 


One hour after taking 132 gm of glucose 
Two hours after taking 132 gm of glucose 


Blood 

Per cent Urine 

0 100 None 

0 108 None 

0 121 Very faint trace 
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CARBON DIOXID TENSION 


65 5 volumes per cent 


GASTRIC CONTENTS 


FECES 


Total aciditj 
Combined acids 
Tree hjdrochlonc acid 
Combined hydrochloric acid 
Lactic acid 


70 

Color 

Brown 

6 

Consistency 

Soft 

34 

Mucus 

None 

30 

Occult blood 

Trace 

Neg 

Fat 

Large amount 


Starch 

None 


Muscle fibers 

Few 


SUGAR TOLERANCE 

Glucose, 200 and 250 gm , on fasting stomach, produces no glycosuria in the four hourly- 
specimens taken following its administration 


URINE 

The urine is of an amber coloi , turbid, acid, specific gravity about 1 030, negative for 
albumin and sugar, and on microscopic examination 


BASAL METABOLISM 

Seventj one and eight tenths calories per hour 40 3 calories per square meter per hour 
Variation plus 2 per cent Essentially normal basal metabolism 

TABLE 2 — Vagotonia 




Case 1 

Case 2 

Case 3 

1 

Mjosis 

Negativ e 

Negative 

Moderate 

9 

Epiphora 

Slight 

Negative 

Negative 

3 

Hyperludrosis 

Negative 

Negative 

Negative 

•1 

Frequency of winking 

Negative 

Negative 

Negative 

r > 

Salivation 

Negative 

Negative 

Negative 

C 

Gastric hyperacidity 

Positive 

Positive 

Negative 

7 

Arrest of gastric secretion 

Negative 

Negative 

Negative 

s 

Vomiting 

Positive 

Negative 

Negative 

0 

Diarrhea (S to 10 tunes) 

Negative 

'Positive 

Negative 

10 

Gastric hypertonia 

Positive 

Negative 

Negative 

11 

Spastic colon 

Negative 

Negative 

Negative 

12 

rnophtlinlmos 

Negative 

Positive 

Positive 

13 

Bradycardia 

Negative 

Negative 

Positive 

14 

Low blood pressure 

Negative 

Negative 

Positive 

15 

Asthmatic seizures 

Negative 

Negative 

Negative 

10 

Fsophagism 

Negative 

Negative 

Negative 

17 

Mucous colitis 

Negative 

Negative 

Negative 

IS 

Dermatograplua 

Negative 

Positiv e 

Positive 

19 

Status thymicolvmpliaticus 

Negative 

Negative 

Negative 

20 

Absent gag reflex 

Negative 

Positive 

Positive 

21 

Eosinopinlia 

Negative 

Negative 

Negative 

22 

Pulsus irregulaiis respiratorius which disappears 
with ntropm 

Negative 

Positive 

Positive 

23 

Clammy hands and feet 

Negative 

Negative 

Negative 

24 

Priapism 

Negative 

Negative 

Negative 

23 

Oculocardiac reflex 

Negative 

Positive 

Positive 

20 

Increased fat tolerance 

Positive 

Positive ? 

Positiv e 

27 

Increased carbohydrate tolerance before and 
after epinephrin 

Positive 

Positive 

Positiv e 

2S 

Salivation induced by pilocnrpm 

Positne 

Negative 

Positive 

29 

Reaction to atropin 

Positive 

a 

Negative 

Negative 


DISCUSSION 

1 Eitdoct me Balance — Snpi arenal Hyperfunction of this gland 
is evidenced by the peculiar hairiness of the individual, slightly increased 
blood pressure, the increased muscular strength and possibly by the 
cardiac hypertrophy The pigmentation noted might well be inter- 
preted as hat ing been deposited during a phase of hypoadrema, either 
before the establishment of the present balance, or during upsets inci- 
dent to infections 
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Thyimts The definite thymus shadow indicates participation of 
this gland 

Pitwtaiy The peculiar adiposity, the shallow sella tuicia, the 
increased sugar tolerance (evidenced especially in the alimentary tests) 
bespeak a definite hypopituitarism 

2 Muscle Function — An increased muscle stiength is noted, which, 
as has been mentioned, is out of proportion to his height and stature 
1 In Case 1, which stands in peculiar contrast to this case, a muscular 
dystrophy was noted While this case occurs m an individual m whom 
a distinct hereditary tendency may be traced, the first patient has no 
ascertainable hereditary basis 



Fig 9 (Case 2) — Roentgenogram of the sella turcica 


It is difficult, if not impossible, in the present state of our knowl- 
edge, to explain satisfactorily the increased muscle strength of the 
one and the dystrophy of the other — to apportion to this or that gland 
even its relative importance, or to ascribe to any one gland, definite 
relationships to muscle function 

This uncertainty is enhanced not only by the multiplicity of glands 
playing a pait, but also by the fact that complicated, subtle compen- 
satory mechanisms are at work tending to establish a balance — attempt- 
ing a restoration of normal function 
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It is beside the purpose of this report to enter into the highl) 
theoietical possibilities deduceable 

3 Basal Metabolism — That a balance is struck in this disturbance 
of the endocrine system is again demonstrated by the essentially normal 
basal metabolism determination 

4 Psyche — The mental deficiency and inadequate peisonahty reac- 
tions present are dependent not on the endocrine dyscrasia but rathei 
on a basic developmental and hereditary defect which involves the 
psyche on the one hand, and the glands of internal secretion and 
physical make-up (namely, congenital squint) on the other 


1 










Fig 11 — The normal and myotonic myogram 1 Ihe curve m myotonia 
congenita (Case 3) 2 The time markings in one-tenth second 3 The nor- 

mal curve The downstroke represents contraction , the upstroke relaxation 
The same amount of electrical stimulation was used in the myotonic as in the 
normal control 

Case 3 — An instance of myotonia congenita associated with definite endo- 
enne dxstui banccs A polyglandulai syndiome involving a thyi opai atliyroid 
gonad deficiency on a probable het editary basis is descubcd 

R L, aged 23 years, lab<?rer Habits Tobacco and alcohol used in 
moderation Drugs None 

Family Histoiy — Father living, suffering from cataract, mother living and 
well Sisters three, living and well No history of epileptic seizures, psychi- 
atric disorders, or any other diseases obtainable No history of any muscular 
disorders 

PiCVious Histoiy— Measles, scarlet fever and varicella in childhood No 
veneieal diseases 

Picscnt Illness — Ever since the age of 7 the patient has been subject to 
seizures, in which a tremor “comes on him” He then falls unconscious ( ? ) 
He has never hurt himself m falling nor has he bitten his tongue, lip or cheek 
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No involuntary passage of urine or feces has occurred The seizures are of 
variable duration On recovery he does not know lus whereabouts and is 
confused No feeling of fatigue or headache follow the seizures They are 
infrequent m occurrence, sometimes being years apart 



Fig 12 (Case 3) — Dystrophia adiposogenitalis 


Ever since he can remember he has noted a peculiar difficulty in relaxing 
the grip muscles of lus hands after grasping an object 

Gastro-Intestmal Appetite good, no craving for sweets Bowels Two 
mo\ements a day No vomiting, slight gaseous eructations, no pyrosis 
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Gemto-Urinary No dysuria or hematuria No nocturia, no enuresis 
Libido definitely diminished as long as he can remember, he has never had 
sexual intercourse No nocturnal emissions 
Respiratory No cough, no epistaxis 

Cardiovascular No shortness of breath, precordial pain, or distress No 
easy -fatigability , no edema of the legs 

Central Nervous System No headache unless emotionally upset 
Skin Shaves about two or three times a week although beard is ill- 
developed Urticaria None 

Neurologic and General Physical Examination — No abnormalities in sensor}, 
reflex or cranial nerve sphere 

Motor A remarkable myotonia of the so-called myotonia congenita t}pe 
(Thomsen’s disease) is present, especially the grip muscles of the hand are 
involved making the relaxation of the grip a slow, difficult movement (Fig 10) 
This preponderating power of the flexors produces a position of the hand very 
similar to the accoucheur’s hand of tetany, especially in the performance of fine 
movements (such as buttoning the shirt) The mechanical irritability of the 
muscles of the entire body is quite elevated, remarkable depressions being 
noted when muscles are mechanically stimulated , the muscle response on 
mechanical stimulation reveals a sustained plateau of contraction followed by 
a slow relaxation This myotonic response is well marked in the tongue, and 
at times individual facial muscles may be made to undergo slow contraction 



Fig 13 (Case 3) — The teeth 

In the lower extremities the myotonia produces some slight stiffness m 
the performance of quick movements, such as rapid squatting movements 
While fibrillary twitchings are noted after mechanical stimulation, they are not 
nearly as marked as the myotonic depression A greater degree of myotonia 
was noticed when the patient concentrated all his attention on his muscular 
efforts 

No Trousseau or true Chvostek phenomenon obtained 

Electrical Examination — Faradic examination As compared with controls, 
a stronger current was required to contract the muscles of the upper limbs 
The reaction is definitely slower than normal, and is associated with a per- 
sistence of the contraction after removal of the current (myotonic reaction, 
Fig 11) 

Galvanic Examination Normal quick response, KCC greater than ACC 

Cerebellar Functions Normal 

Psyclnatnc Examination reveals a definite mental deficienc}, associated with 
a very labile emotional state The suggestibility and lack of inhibition char- 
acteristic of the child are in marked evidence Inability to remain in one place 
or concentrate on a given task is also characteristic No other psychic abnor- 
malities 

Gcncial Physical Examination — The facies of the patient is that of a 
cretin, with a wide nasal bridge, thick bps, a mouth that is habitual!} open, 
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a large tongue which is slightly bifid The eyes have a mongolian slant, and 
are somewhat deep-set with narrow apertures A low forehead, quadrangular 
head and large mouth are noted (Fig 12) The thyroid gland is definitely 
enlarged (isthmus and lateral lobes) , 

The hair of the head is dry and has a markedly convex curve at the forehead 
margin The hair on the thighs and in the axillae is moderate in amount, but 
sparse on the trunk , 

The skin and subcutaneous tissue are quite thick, as is very evident on 
attempts to draw' blood or give a hypodermic injection Dryness of the skin 
is also a feature 

While the penis is of normal size, the testes are distinctly undersized The 
simulation of the labia minora by the scrotal folds is lacking The pubic hairs 
are profuse and of a male type 



Fig 14 (Case 3) — Roentgenogram of sella turcica 

Examination of the teeth reveals upper central incisors which are very large 
in size , the low r er incisors are normal The lower and upper incisors do not 
approximate when the jaws are closed, the upper jaw protruding shghtlv An 
elliptical area exists between the upper and lower incisors when the jaws are 
closed in addition to the prognathism of the upper jaw r The canines are not 
fang-like and resemble the incisors A marked pyorrhea alveolaris is present 
(Fig 13) A high palatal arch is noted 

No hyperextensibility of the joints is present 
No adiposogenitahs type of fat distribution 

The terminal phalanges are definitely thickened, the nails are somewhat 
incurved 

Nose and Throat Examination Except for a small spur on the left side 
of the septum and a hypertrophied right inferior turbinate, the nose is normal 
The tonsils are slightly enlarged 
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Hearing is normal in both ears The labyrinthine reactions (Baranj) are 
normal although sluggish 

Eyes Vision right, 20/40, left, 20/40 Ocular movements good, right 
pupil larger, both pupils active to light and accommodation Esophoria, 3 degrees 
Right hyperphoria, 1 degree Under homatropin right, 20/70—100, axis 180 
degrees, equals 20/50, left, 20/50 — 50, with plus 100, axis 90 degrees, equals 
20/50 Both fundi negative Perimetric examinations to form and color is 
normal A compound myopia is present 
Lungs Normal 
Heart Normal 

Blood Pressure Observations taken at 2 minute intenals 


Systolic 

Diastolic 

100 

66 

97 

66 

99 

66 

100 

68 

100 

68 


The pulse has been notably slow ranging in rate from 48 to 84, usually 
being in the sixties , a marked respiratory (sinus) arrhythmia is present There 
is no edema or cyanosis 

Abdomen No viscera palpable Rectal examination reveals prostate flat, 
small, moderately firm 

Glands No special adenopathy noted 

Temperature Observations , A definite subnormal temperature, ranging 
between 97 F in the morning and 98 F in the afternoon has been observed 
daily for weeks 


MEASUREMENTS OT PATIENT 


Cm 

Total length 165 

Circumference of head 55 

Circumference of chest (at level of nipples) 87 S 

Circumference of abdomen (at umbilicus) 77 

Sterno clavicular junction to anterior superior spine 39 

Anterior superior spine to internal malleolus 82 

Anterior superior spine to upper border of patella 41 5 

Acromion to styloid process of radius 51 5 

Acromion to tip of olecranon 29 5 

^Distance between acromion processes 36 

Distance between iliac spines 24 5 

Span width 168 

Penis 12 

Testes 2X15 

Thigh, right ' 49 5 

Thigh, left 49 5 

Calf, right 33 

Calf, left 33 5 

Arm, right 27 5 

Arm, left 27 5 

Torso leg ratio 39/82 or 47 


Laboratory 

blood 

Data 



Erythrocytes 

Feb 11, 1920 
4,200,000 

May, 1920 
4,320,000 


Leukocytes 

6,700 

8,500 


Hemoglobin, per cent 

90 

80 


Differential count 

Small mononuclears, per cent 

22 

16 


Large mononuclears, per cent 

8 

13 


Polymorphonuclears, per cent 

70 

71 
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BLOOD CHEMISTRY 

Blood sugar (fasting stomach), 0 106 per cent (106 mg per 100 c c of blood) 

Blood sugar (116 9 gm of glucose given), 0 136 per cent (136 gm per 100 c c of blood) 

Blood urea 40 mg per 100 c c of blood 

Blood creatinin 1 875 mg per 100 c c of blood 

Blood calcium 10 6 mg per 100 c c of blood (Dr K M Vogel) 

Blood carbon dioxid 62 4 volume per cent 

Blood Wassermann reaction negative Jan 8, 1920 and Feb 12, 1920 
Bleeding time 2 minutes 
Coagulation time, 6 minutes 


TECES 

March 1, 1920 Color, brown, consistence, medium, mucus, negative, blood, negative, 
muscle fiber, striated and nonstnated present, fat, present, starch, negative 

March 3, 1920 After the ingestion of 200 gm fat in the form of butter Color, brown, 
consistence, medium, mucous, negative, blood, negative, muscle fiber, none found, fat, 
present No appreciable increase over that found on previous examination Starch, negative 


STOMACH CONTENTS 


Total acidity 


Feb 28, 1920 

18 

March 1, 1920 

34 

Combined acidity 


3 

4 

Free hydrochloric acid 


0 

12 

Combined hydrochloric acid 

i 

10 

18 

Lactic acid 


Faint trace 

Negative 

Blood (gross and occult) 


Negative 

Negative 


SPINAL FLUID 

Pressure, normal, transparency, slight admixture of blood (technic), cell count, normal, 
discounting presence of blood, globulin, no material increase, Wassermann, negative Col 
Ioidal gold test, normal curve for preliminary and final curves 


URINE 

Numerous urine examinations made at varying intervals revealed Amber, clear, acid, 
with a specific gravity varying between 1 026 and 1 036, albumin, sugar, acetone and casts were 
not found in any of the examinations No polyuria Phenolsulphonephthalein showed 45 
per cent output for first hour, 25 per cent output for second hour, a total of 70 per cent 


SUGAR TOLERANCE TEST (ALIMENTARY GLYCOSURIA) 

No gljcosuna after 100 gm glucose, after 180 gm and after 200 gm glucose (given m 
430 c c of milk equaling 30 gm of lactose) 

No glycosuria m the first hour, after 230 gm glucose (with 1 c c of 1 1,000 solution 
epinephrin given one half hour later) Glycosuria very positive two hours later, glycosuria 
less positive three hours after that, glycosuria still less positive four hours later 

After three weeks of thyroid gland feeding (from 6 to 9 grains a day), 100 gm glucose 
were given m the morning with no thyroid gland tablets, no glycosuria resulted On the 
following morning, 3 grains thyroid gland was given by mouth, followed by 100 gm glucose 
m one half hour, a very faint trace of sugar was noted in the urine collected, following the 
above procedure 


BASAL METABOLISM 

Calories per square meter per hour, 39 9 Variation plus 1 per cent 


Roentgen-Ray Examination 

No abnormalities noted m bones and joints, all epiphyses are firmly united 
Fluoroscopic examination shows a rather large stomach with its lower border one inch 
below the intercristal line It is slightly hypotonic with no filling defect apparent The 
duodenal cap appears to have a filling defect which is inconstant The ileum is pulled oier 
shghtlj to the right of the median line There is no six hours retention The twenty four 
hour plate reveals the barium still in the cecum The forty eight hour plate reveals an almost 
empty intestine Roentgen findings suggest a large slightly hypotonic stomach with probably 
periduodenal adhesions, m addition there appears to be some pericecal adhesions 
The chest reveals a slight broadening of the medfastinal shadow (thymus 5 ’) 

Examination of the skull reveals a small sella turcica with a posterior clinoid process 
which is definitelj thickened A suggestive pineal shadow is found (Fig 14) 

' Hands The tuft of the left thumb is considerabl> smaller than that of the right, the 
other tufts are equal in size, but slightly smaller than usuallj seen 
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ATROPIN TEST 


Before administration 

Pulse 

44 

, — Blood Pressure— ^ 
Sy stolic Diastolic 
105 60 

Rcspira 

tion 

20 

Symptoms and signs 
Pulse shows marked re*pira 
tory arrhythmia 

Administration of Ya 

gram 





20 min later 

44 

90 

60 

20 

No dryness of mucous mem 
branc, respiratory arryth* 
mia less marked 

30 min later 

48 

95 

65 

20 

Slight dryness of tongue, 
respiratory arrhythmia al- 
most entirely disappeared 

45 mm later 

54 

95 

70 

20 

Moderate dryness of tongue 

1 hour later 

56 

102 

65 

20 

Same 


t 

ERGOTIN TEST 


, — Blood Pressure — N 

Pulse Systolic Diastolic Signs and Symptoms 
Before administration 64 100 70 

Ergotm, Yio grain No reaction was noted fol 

lowing this drug 


ESERIN TEST 


r- Blood Pressure-^ 
Pulse Systolic Diastolic 

Before administration 72 105 70 


Eserin, lio grain 


Following the administration of this drug, no gastro intestinal effects were noted, the 
only reaction was slight headache 


PILOCARPIN TEST 



Pulse 

, — Blood Pressure-^ 
Systolic Diastolic 

Respira 

tion 

Symptoms and Signs 

Before administration 

58 

100 

60 

22 


Administration of 0 008 gm 






10 min after 

70 

90 

55 

22 

Teels warm, face consider 
ably flushed, slight perspi 
ration 

18 min after 

60 

100 

60 

22 

lace moderately flushed, 
considerable perspiration, 
moderate salivation, a feel 
ing of warmth noted, re 
spiratory arrhythmia un 
changed 

24 min after 

62 

100 

60 

22 

Teels cooler, moderate per 
spiration, slight salivation, 
desire to urinate present 

30 min after 

62 

100 

60 

22 

Teels cool, no salivation, 
perspiration much less 
slight on forehead, face 
less flushed, temperature, 
97 4 F 
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PILOCARPIN TEST (REPEATED) 



Pulse 

Systolic Diastolic 
r - Blood Pressure— 

, Signs and Symptoms 

Before administration 

60 

100 

65 


Pilocarpm, Mo gram 

10 mm after 

60 

96 

60 

Moderate flushing of face 
slight salivation and mo is 
ture of skin, complains ol 
headache 

15 mm later 

60 

300 

60 

Skin moderately moist, mod 
crate salivation 

25 mm later 

30 mm later 

60 

100 

60 

race^moderately flushed skin 
moist, salivation fairly 
marked 

Skin moist, salivation fairly 
marked, patient exhibited 
psychic changes after ad 
ministration of drug, be 
gan to cry and stated he 
was worried over his 
mother, said he was 
“bursting with sorrow ” 


EPINEPHR1N TEST 


Pulse 

Before administration 58 

1 c c of 1 1,000 solution hypodermically 
10 mm later 52 102 


Signs and Symptoms 
Considerable respiratory ar 
rhythmia 

70 15 No tremor no general reac 

tion 


Blood Pressure—* Respira 
Systolic Diastolic tion 
102 70 16 


PITUITARY TEST 



Pulse 

, — Blood Pressure—, 

Systolic Diastolic Signs and Symptoms 

Before administration 

64 

100 

70 

Pituitrm, 1 c c 




5 mm later 

64 

100 

70 

10 mm later 

64 

100 

70 Patient pale, desires to 

urinate 

20 min later 

64 

100 

70 Desire for defecation pres 
ent, movement of bowels 
occurred 

Thermo reaction (Cushing) 
pituitrm (1 cc) 

negative, i 

e , no rise m temperature after injection of 


TYRAMIN 



Pulse 

,--BIood Pressure—, 

Systolic Diastolic 

Before administration 

54 

100 

60 

Tyramin, 60 mg > 




5 mm later 

40 

110 

64 

12 mm later 

44 

105 

60 Blood pressure rise very slight 


Narrow slits, cnopthalmos, tendency toward myosis, gag refle\ lessened Oculocardiac 
phenomenon positive pulse, 64, slowed to 48 Winking infrequent Epincphrm into con 
junctival sac, negative Goetsch’s test (mtracutaneous injection of epmephnn) negative 
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DISCUSSION 

1 The Endocrine Balance — The cretin facies, the enlargement of 
the thyroid gland, the subnormal temperature, the increased sugar 
tolerance, the thick skin, the hypotonic vegetative nervous system, and 
the insensitiveness to large amounts of thyroid gland feeding, are con- 
clusive evidences of a hypothyroidism 

The testicular atrophy reveals the gonadal deficiency 

The parathyroid involvement is suggested by the myotonia (see 
below) m this connection the occurrence of double cataract in the 
father at the age of 48 might be construed as a parathyroid defect 

The role of the thymus is uncertain 

2 Myotonia Congemta — The association of this remarkable motor 
disorder with endocrine disturbances has been noted before W Falta 
writes of this relationship under diseases of the parathyroid gland and 


No Date 


PULSE CHART 
Name CASE I. Address 



Fjg 15 —The response to ascending doses of thyroid gland (Iiarrower’s test) 

notes the presence of myotonia m certain cases of tetany , he states 
that “just those animals in whom thyroid and parathyroids have 
been lemoved show these manifestations, i e myotonia Steinert, 14 
speaking of the closely allied myotonia atrophica, emphasizes the 
atrophy of the testicles and impotence m his cases 

It will be noted that the myotonia in this instance is associated with 
a very definite thyrogonadal deficiency 

14 Steinert Ueber das klinische und anatomische Bild des Muskelsclnvunds 
des Myotomker, Deutsch Ztschr f Nervenh 37 58, 1909 
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Certain American authors' have likewise called attention to the 
dependence of this myopathy on endocrine disturbances 15 

3 Metabolism — The essentially normal basal metabolism again 
demonstrates the fact that the hypothyroidism is compensated for by 
the activity of the other glands and possibly through the agency of 
other mechanisms less understood 

As for the calcium metabolism, we have not had the facilities at 
hand to estimate this, with the detail with which Rosenbloom and 
Cohoe 16 have accomplished it These authors concluded from their 
studies that a “loss of calcium may play a part m the production of 
the symptoms of myotonia congenita ” 

The increased sugar tolerance is noted m the alimentary tests Of 
interest is the reduction of sugar tolerance with the consequent appear- 
ance of a slight glycosuria after the oral administration of three grains 
of thyroid gland (see laboratory data) , this seems to show in a con- 
clusive way the dependence of increased sugar tolerance upon thyroid 
deficiency m this case 

4 The Psyche — The mental deficiency and inadequate personality 
reactions present m this case point again to a basic hereditary develop- 
mental defect which affects both the psyche and ductless glands 

THERAPEUSIS 

For over a period of one month he was given first 6 grains and 
then 9 grains of thyroid gland a day, together with % 0 gram parathy- 
roid gland, three times a day, and potassium lodid, 5 minims, three 
times a day Under such therapy there was no appreciable change m 
the myotonia Hoffmann (quoted by Falta), m a case of myotonia 
associated with tetany, noted the disappearance of the myotonia on 
the administration of thyroid gland and its reappearance after with- 
drawal, while the tetanic symptoms were not affected 

There was an increased psychomotor activity — purely a quantitative 
increase, however, the same psychic abnormalities (childish behavior, 
emotional instability and irresponsibility) were still m evidence He 
stated that he had some difficulty in getting asleep, and that he felt 
warm at night No tremor, tachycardia, loss of weight or diarrhea 
occurred, nor were there any changes noted in the configuration of 
the thyroid gland A coryza due to the lodid necessitated a discon- 
tinuance of this drug for a time 

15 McCouch, G P , and Ludlum, S D W Is Myopathy Related to Dis- 
orders of Internal Secretion 7 Med Rec 39 1042, 1916 

16 Rosenbloom, J , and Cohoe, B A Clinical and Metabolism Studies in 
a Case of Myotonia Congemta-Thomsen's Disease Arch Int Med 14 263 
(Aug) 1914 
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CONCLUSIONS 

1 Three unusual cases are presented in detail, in each of which 
remarkable endocrmopathies are associated with unusual manifesta- 
tions in the muscular system 

2 Attention is directed to the endocrine balance, the sugar and the 
basal metabolism 

3 It is shown that the basal metabolism is the result of the sum 
total activities (in part compensatory), of the various ductless glands 
In polyglandular disorders, such as those described, the basal metabo- 
lism does not reflect the degree of participation of any individual 
gland 

4 In two cases a congenital developmental defect is postulated 
as the cause of both the endocrine deficiencies and the psychic disorders 

To Drs George Draper and Henry E Marks we owe our especial thanks 
for most of the laboratory findings, and for valuable advise 

Our thanks are also due to Lieut -Col Craig R Snyder, M C , U S Army, 
Drs Karl M Vogel, H O Mosenthal, Emil Baumann, S P Goodhart and 
Walter Timme 

i Because of the very generous cooperation of these gentlemen, most of the 
detailed work was made possible 



BLOOD VOLUME IN PERNICIOUS ANEMIA* 


GEORGE P DENNY, MD 

BOSTON 

Blood volume m pernicious anemia has been studied but little, and 
the results obtained have been at considerable variance Of the liter- 
ature concerning blood volume, only that portion bearing on pernicious 
anemia is considered in this paper Various methods have been fol- 
lowed, such as the dye method of Keith, Rowntree and Geraghty, 1 
the carbon monoxid method of Haldane and Smith 2 and those methods 
such as Quincke’s 3 and Lindeman’s, 4 based on the consideration of 
the red cells before and after transfusion The dye method of Keith, 
Rowntree and Geraghty is based on the concentration m the blood 
of a dye injected inti avenously which remains in the circulation for a 
long time From this the plasma volume can be calculated and by 
the hematocrit readings the total blood volume determined In three 
determinations made in cases of pernicious anemia they found the 
total volume in two to be decreased and in the third a normal total 
volume with a markedly increased plasma volume 

The carbon monoxid method consists in the inhalation by the sub- 
ject of a known volume of this gas and the determination of its per- 
centage saturation in the blood From this the total capacity of the 
blood for carbon monoxid can be found and this is synonymous with 
total oxygen capacity It can possibly be best explained by an example 
A patient having absorbed 100 c c of carbon monoxid, it is found 
that his blood is 20 per cent saturated by this gas The total capacity, 
then, for carbon monoxid is 500 c c and as the oxygen capacity is 
the same as that of carbon monoxid, that is likewise 500 c c The 
oxygen capacity of the patient determined previous to the administra- 
tion of carbon monoxid is 20 per cent The total blood volume is 
calculated as follows 

500 100 

— -X — = 2,500 
20 


*From the Medical Clinic of the Peter Bent Brigham Hospital, and the 
Harvard Medical School This is Study No 12 of a series of studies on the 
Physiology and Pathology of the Blood from the Harvard Medical School and 
allied hospitals 

1 Keith, N M , Rowntree, L G, and Geraghty, J T Arch Int Med 16 
547 (Oct) 1915 

2 Haldane, J , and Smith, J L J Physiol 25 331, 1899 

3 Quincke, H Deutsch Arch f khn Med 20 27, 1877 

4 Lindeman, E J A M A 70 1209 (April 27) 1918 , ibid , 1202 
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This method was used m the study of pernicious anemia b} Lon ame 
Smith , 5 who found that the total amount of hemoglobin was reduced 
in proportion to the severity of the disease and that the plasma might 
either be increased or diminished He concluded that those patients 
with increased total volume were worse symptomatically than those 
with a more concentrated blood 

Quincke’s and Lmdeman’s methods depend on the changes produced 
by transfusion in the number of led cells Quincke calculated blood 
volume from the red count of the donor’s blood and the amount gn en 
The red count is not sufficiently accurate to give good results 

Lmdeman centrifuged equal specimens of the donor’s blood and 
that of the patient before and after transfusion of large amounts of 
blood The principle is the same as that of Quincke but the lesults 
are moie accurate He found the blood volume in pernicious anemia 
to be always reduced but moie in some cases than m otheis, and con- 
cluded that when the total volume is only slightly'- 1 educed the symp- 
toms are fewer though the relative anemia be seveie This conclu- 
sion as to the relation of symptoms to \ olume is m absolute variance 
with that of Lorraine Smith 

It is obvious that if we had any one element in the blood which 
we could determine with absolute accuracy, the blood volume could 
be measured by the change in concenti ation of that element pioduced 
by transfusion This would be true provided vaso-motor changes pro- 
duced by the transfusion were not of any great extent In the present 
study, I have used the oxygen capacity of the blood, as it most nearly 
represents the ideal of an element which can be measured accurately 
The method is simply the determination of the oxygen capacity of the 
patient’s blood immediately before and three minutes aftei the com- 
pletion of the transfusion The oxygen capacity of the citrated blood 
of the donor is determined and from these three factors and the 
volume of blood given, the total blood volume is calculated as follows 

A = oxygen capacity of patient’s blood before transfusion 
B — oxygen capacity of patient’s blood after transfusion 
D = oxygen capacity of the citrated blood administered 
Q = quantity given in cubic centimeters 

D— B 

V = XQ 

B— A 

Oxygen determinations were made with the Van Slyke blood gas 
pump 6 The blood sample taken before transfusion was obtained from 


5 Smith, J L Tr Physiol Soc London 51 311, 1900 

6 Van Slyke, D D J Biol Chem 33 127, 1918 
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the needle thiough which the blood was subsequently given That 
taken after was obtained from the opposite arm two or three minutes 
after the last of the blood had been introduced About 500 cc of 
blood was usually given 

In order to test the accuracy of this method a few experiments 
were done on blood in vitro The oxygen capacity of sheep’s blood 
was determined, salt solution added (about 10 per cent of the total 
amount of blood), and the oxygen capacity redetermined 

PROTOCOLS or EXPERIMENT 

Experiment 1 — Sheep’s blood, 226 cc, to which (Q) 22 cc of normal 
salt solution was added, (A) oxygen capacity before addition = 24 66, (B) 
oxygen capacity after addition = 22 36 The formula for a simple dilution 

V B 

such as this is = — 

V + Q A 

V 22 36 


V + 22 24 66 

24 66 V = 22 36 V + 491 92 
2 30 V = 491 92 
V = 214 cc 

Error about 5 per cent 

Experiment 2 — 457 cc sheep’s blood (A) Oxygen capacity = 18 97 per 
cent Forty-five cc salt solution added (B) Oxygen capacity — 17 15 per cent 

V 1715 


V + 45 18 97 

18 97 V= 1715 V + 77175 

1 82 V + 771 75 

V = 424 c c 

Error, 7 per cent minus 

Experiment 3 — 450 c c sheep’s blood (A) Oxygen capacity = 19 26 per 
cent Forty-five cc physiologic sodium chlorid solution added (B) Oxygen 
capacity = 17 46 per cent 

V 1746 

V + 45 19 26 

V = 437 c c 

Error, 3 per cent minus 

Blood from a patient suffering from congenital heart disease with 
polycythemia was used m a further set of experiments m vitro In 
this case the blood was diluted to represent an anemia and transfusion 
done in the test tube with the usual oxygen determinations made on 
the various samples 
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Experiment 4 — (A) 490 cc of diluted blood with an oxygen capacity of 
10 59 per cent 

(D) To the above 45 c c of blood with an oxygen capacity of 32 62 per 
cent was added 

(B) Oxygen capacity of the mixture = 12 37 per cent 
32 62 12 37 

V = = 45 ' 

12 37 10 59 

V = 512 

Correct V = 490 

Error, 4 per cent plus 

(A) 500 cc diluted blood with an oxygen capacity of 4 85 per cent 

(D) To this 50 c c of blood with an oxygen capacity of 1919 per cent 

was added 

(B) Oxygen capacity of this mixture is 6,01 pei cent 

V = 568 cc Should be 500 cc, an error of 13 per cent plus This error 
was thought to be due to insufficient addition of normal blood, so the experi- 
ment was continued 

(A) To 452 c c of diluted blood with an oxygen capacity of 6 01 per cent 

(D) 70 cc of blood added having an oxygen capacity of 1919 per cent 

(B) Oxygen capacity of the mixture is 786 per cent 

1919 786 70 

V = X — = 430 cc 

786 601 

It should be 452 c c , making an error of about 5 per cent minus 

From these test tube experiments with dilution and concentiation 
of blood it is seen that the changes produced in oxygen capacity 
are sufficient to give a fairly accurate deteinunation of volume To 
a dilute blood at least 10 pei cent of a normal blood must be added 
in order to produce changes in the oxygen capacity which are sufficient 
to permit calculation of the volume 

The total blood volume of ten patients who were transfused foi 
pernicious anemia was determined by the method described Also, 
for comparison, then total blood volume was calculated on the 
basis of the body weight which, according to Keith and Rowntree’s 
figures for the normal, is 85 c c of whole blood pei kilo body weight 
This is referred to as the theoretical volume 

REPORT or CASES 

Case 1 (Med No 11710) — H IT McK , aged 42, clerk, married Diag- 
nosis pernicious anemia 

Patient entered hospital Sept 18, 1919, complaining of weakness During the 
last three years patient has had periods of weakness lasting from one to two 
months, some of which prevented him working Three months ago he had 
a much more severe attack, during which he lost all appetite and was forced 
to stop work Numbness of hands piesent for last six or seven weeks Grad- 
ually getting pale Weight three months ago, 62 kg 
f Physical examination shows little but lemon yellow pallor, irregular pupils 
which react, a smooth glistening tongue, and a palpable liver Gastric analy- 
sis shows anacidity Blood smear typical of primary anemia No nucleated 
forms 
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Transfused September 24 with 500 c c citrated blood having an oxygen 
capacity of 18 89 per cent 

Oxygen Capacity Hb Red Cell Count 
Before transfusion 6 13% 33% 980,000 

After transfusion 7 92% 42% 1,440,000 

Total blood volume = 3,064 cc 
Theoretical volume = 4,541 cc 

Transfused October 7 with 510 cc of citrated blood having an oxygen 
capacity of 20 89 per cent Some blood spilled so~ figures are not accurate 
This illustrates the fact that small errors may make a large difference in 
the result 

Oxygen Capacity Hb Red Cell Count 

Before transfusion 9 65% 52% 1,480,000 

After transfusion 11 85% 64% 2,300,000 

Total blood volume = 2,095 cc Weight unchanged 

Transfused October 14 with 560 c c of citrated blood having an oxygen 
capacity of 21 66 per cent 

Oxygen Capacity Hb Red Cell Count 
Before transfusion 13 24% 71 6% 2,424,000 

After transfusion 14 57% 78 8% 2,660,000 

Total blood volume = 2,985 cc 

Patient left the hospital considerably improved and could do a fair amount 
of walking without palpitation or dyspnea Reentered December 14 with prac- 
tically all the complaints of his first admission No edema noted 

Transfused December 18 with 475 cc of citrated blood having an oxygen 
capacity of 2046 per cent 

Oxygen Capacity Hb Red Cell Count 
Before transfusion 490% 26% 1,300,000 

After transfusion 7 08% 38% 1,600,000 

Total blood volume = 2,915 c c 

Transfused January 6 with 510 c c of citrated blood having an oxygen 
capacity of 2043 per cent 

Oxygen Capacity Hb Red Cell Count 
Before transfusion 7 60% 40% 1,766,000 

After transfusion 9 20% 49% 2,244,000 

Total blood volume = 3,548 cc 


Assuming that the volume calculated was correct, the proportion 
of donor’s blood to the patient’s can easily be figured In the deter- 
mination of December 18, it is 1 6 13, and m that of January 6 it 
is 1 696 If, then, the blood of the donor and that of the recipient 
are mixed in the test tube m these proportions, an oxygen capacity 
identical with that found after transfusion should result provided the 
volume is correct This was done and the following results were 
obtained 

Dec 18 Jan 6 

Oxygen capacity after transfusion 7 08% 9 20% 

Oxygen capacity of the test tube mixture 7 08% 9 20% 

Furthermore, January 6 the theoretical volume on the basis of 85 c c. 
per kilo body weight was calculated and found to be 4,590 c c If 
this ■were the true volume, the proportion of donor’s blood to that 
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of the recipient would be 1 9 Such a mixture was made and a read- 
ing of 8 52 per cent oxygen capacity obtained, thus show mg that 
the volume must be considerably less than the calculated normal of 
Keith and Rowntree 

Case 2 (Med No 11799) — G K, aged 53, clerk, entered hospital No\ 24, 
1919, complaining of weakness Lived in China for thirty years and contracted 
sprue five years ago since when he has had se\ere diarrhea controlled more or 
less by santonin Weight five years ago, 214 pounds , present v eight, 135 
pounds Has lost 10 pounds in the last three months Seven months ago had 
three intravenous arsphenamin injections for sprue, following which he became 
very weak, jaundiced and anemic Diarrhea continued Physical examination 
negative, except for yellowish pallor, small fresh hemorrhage in fundus of 
left eye Tongue pale, smooth Abdomen slightly distended, but liver and 
spleen not palpable No edema No free hydrochloric acid m gastric contents 
Severe and persistent diarrhea, with from three to ten stools per day 

Transfused October 3 with 460 c c of citrated blood having an oxyger 
capacity of 20 92 per cent 

Oxygen Capacity Hb Red Cell Count 
Before transfusion 10 19% 54% 1,620,000 

After transfusion 1108% 59% Not done 

Total blood volume = 5,086 cc 
Theoretical volume — 4,879 c c 

Transfused October 17 with 550 c c of citrated blood having an oxygen 
capacity of 22 55 per cent 

Oxygen Capacity Hb Red Cell Count 
Before transfusion 10 12% 54% 1,520,000 

After transfusion 1145% 61% 2,160,000 

Total blood volume = 4,588 cc 

Transfused October 24 with 612 c c of citrated blood having an oxygen 
capacity of 23 18 per cent 

Oxygen Capacity Hb Red Cell Count 
Before transfusion 12 11% 65% 2,220,000 

After transfusion 13 92% 75% 2,540,000 

Total blood volume = 3,131 cc 

During the period between October 17 and October 24, there was an intense 
diarrhea which might account for some lowering of blood volume, howe\er, 
this last volume being so much lower, was checked in the test tube by adding 
donor’s blood to recipient’s blood in the proportion calculated from the volume, 
namely, 1 5 11 This gave a reading of 14 32 per cent instead of 13 92 per 
cent oxygen capacity, thus showing that the volume is too low A mixture 
was then made in the proportion of 1 c c of donor’s blood to 8 8 c c of the 
recipient’s before transfusion, -which proportion is based on a volume calcu- 
lated on the basis of body weight, 5,440 c c This gives a reading of 13 03 per 
cent oxygen capacity which is considerably under the figure 13 92 per cent 
obtained after transfusion 

Case 3 (Med No 12013) — T M, aged 49, male, entered the hospital Oct 
11, 1919, complaining of weakness and anemia One sister has a similar anemia 
Onset of present illness was in April, 1919, with palpitation and dvspnea and 
dizziness Physical examination negative except for pallor and characteristic 
tongue 
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Transfused October 14 with 620 cc of citrated blood having an oxygen 
capacity of 23 02 per cent 

Oxygen Capacity Hb Red Cell Count 
Before transfusion 5 99% 32% 840,000 

After transfusion 7 81% 42% 1,360,000 

Total blood volume = 5,096 cc Weight of patient = 82 kg 
Theoretical volume = 6,960 cc 

Transfused October 29 with 534 c c of citrated blood having an oxygen 
capacity of 22 61 per cent 

Oxygen Capacity Hb Red Cell Count 
Before transfusion 5 36% 29% Not done 

After transfusion 7 17% 38% Not done 

Total blood volume = 4,552 cc 

Patient left the hospital unimproved and died November 18 

Case 4 (Med No 12235) — M A P, aged 55, housewife, entered the hos- 
pital Nov 10, 1919, complaining of weakness, palpitation, swelling of the feet, 
hands and abdomen She has had two similar attacks which were less severe, 
the first, three and one-half years ago, and the second about ten months later, 
both of which were less severe than the present attack Last illness began nine 
months ago and for the last few months there has been a gradual increase m 
edema Physical examination shows typical pallor and tongue and a general 
anasarca 

Transfused November 14 with 358 c c of citrated blood having an oxygen 
capacity of 1992 per cent 



Oxygen Capacity 

Hb 

Red Cell Count 

Before transfusion 

10 31% 

55% 

1,370,000 

After transfusion 

11 70% 

62% 

1,640,000 


Total blood volume = 2,117 cc 

Theoretical volume = 3,485 cc (Calculated on body weight after loss of 
edema ) 

A mixture of the donor’s blood and that of the patient before transfusion 
in the proportion found from the volume gives a reading of 11 34 per cent 
oxygen capacity in place of 11 70 per cent This indicates that the volume 
calculated is too low 

Transfused November 25 with 508 c c of citrated blood having an oxygen 
capacity of 18 71 per cent 

Oxygen Capacity Hb Red Cell Count " 
Before transfusion 6 68% 36% 1,750,000 

After transfusion 849% 45% 1,950,000 

Total blood volume = 2,870 cc 

A mixture of donor’s and patient’s blood in the proportion obtained from this 
volume gives a reading of 8 49 per cent oxygen capacity It is of interest that 
during the time between the two transfusions the patient lost about 4 kg ot 
her edema which loss continued until it was all gone The total loss was 17 kg 
At the time of the second transfusion she was clinically improved although her 
blood shows a distinct falling off in hemoglobin percentage The increase in 
\olume may be due to a fluid entering the blood with a consequent dilution 

Case 5 (Med No 11111) — J A, aged 58 Diagnosis pernicious anemia 
Entered hospital with symptoms of weakness, dizziness and dyspnea dating back 
three months At this time he showed a typical picture of pernicious anemia 
He had a spontaneous remission and was well up to April, 1910, when the old 
symptoms began to recur Weakness and pallor are now his principal com- 
plaints 
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Transfused June 3 with 710 c c of citrated blood having an oxygen capacity 
of 18 05 per cent 

Oxygen Capacity Hb Red Cell Count 
Before transfusion 6 36% 34% 808,000 

After transfusion 8 74% 47% 1,464,000 

Total volume = 2,780 cc Weight of patient = 516 kg 
Theoretical volume = 4,386 c c 

Case 6 (Med No 11822) — R F , aged 58, housewife Diagnosis per- 
nicious anemia Entered hospital Sept 11, 1919, complaining of weakness, 
ringing in the ears and dyspnea Two years ago she noticed weakness and 
pallor and loss of weight This has increased gradually and for the last four 
months she has had palpitation and dyspnea Physical examination shows 
typical pallor, smooth tongue, an enlarged heart and a systolic murmur The 
spleen is palpable No free hydrochloric acid in stomach contents 

Transfused September 26 with 510 c c of citrated blood having an oxygen 
capacity of 1923 per cent 

Oxygen Capacity Hb Red Cell Count 
Before transfusion 7 64% 41% 1,500,000 

After transfusion 903% 48% 2,200,000 

Total blood volume = 3,742 cc Weight of patient, 58 2 kg 
Theoretical volume = 4,947 c c 

Discharged greatly improved 

Case 7 (Med No 12208) — C A L , aged 56, housewife Diagnosis per- 
nicious anemia Entered hospital Sept 11, 1919, complaining of weakness and 
anemia Onset was seven years ago with weakness as the principal symptom 
She has had several remissions during this time and for the last few months 
has noticed pallor, abdominal distress, dyspnea and marked weakness Physi- 
cal examination showed yellow pallor, heart slightly enlarged, liver and spleen 
palpable, tongue smooth Gastro-intestmal roentgenograms negative Free 
hydrochloric acid absent in stomach contents Blood picture typical of per- 
nicious anemia 

Transfused November 10 with 491 cc of citrated blood having an oxygen 
capacity of 21 02 per cent 

Oxygen Capacity Hb Red Cell Count 
Before transfusion 5 81% 31% 2,780,000 

After transfusion 7 65% 41% 2,830,000 

Total blood volume = 3,568 c c Patient’s weight, 50 kg 
Theoretical volume = 4,250 c c 

A mixture of donor’s blood and that of the patient made in a test tube in 
the proportion of 1 7 26 which is the relation of the two provided the volume 
calculated is correct This mixture has an oxygen capacity of 788 per cent 
in place of 7 65 per cent, the amount found after transfusion This would 
indicate that the true volume is slightly higher than the one calculated 

Patient discharged unimproved 

Case 8 (Med No 12313) — A S P , aged 61, clerk Diagnosis pernicious 
anemia Entered hospital Nov 20, 1919, complaining of weakness, anemia and 
swelling of legs Two and one-half years ago had an attack of anemia and 
weakness lasting six weeks, and another similar attack one year ago lasting 
two months He was well and at work between attacks and up to June 1919, 
when symptoms reappeared in a more severe form with edema and dyspnea 
At entrance, he shows a marked edema of the extremities with fluid in both 
pleural cavities and abdomen, a yellow pallor of the skin and smooth glossy 
tongue 



46 


ARCHIVES OF INTERNAL MEDICINE 


Transfused December 3 with 600 cc of citrated blood having an oxygen 
capacity of 21 74 per cent 

Oxygen Capacity Hb Red Cell Count 
Before transfusion 4 43% 24% 908,000 

After transfusion 6 74% 36% 

Total blood volume = 3,900 cc Patient’s weight, 68 kg 
Theoretical volume = 5,780 c c ' 

Case 9 (Med No 2322) — M C, aged 50, housewife, entered hospital 
Nov 21, 1919, complaining of weakness Onset about one year ago with weak- 
ness, dyspnea and palpitation Has run down steadily, but except for loss of 
appetite and weight there have been no further symptoms Physical examina- 
tion shows typical pallor, a smooth but not glossy tongue and a palpable spleen 
There is anacidity of the gastric contents and a blood picture typical of pri- 
mary anemia Weight three years ago, 195 pounds , present weight, 134 pounds 

Transfused November 25 with 528 c c of citrated blood having an oxygen' 
capacity of 17 per cent 

Oxygen Capacity Hb Red Cell Count 
Before transfusion 8 88% 48% 1,880,000 

After transfusion 10 01% 54% 2,030,000 

Total blood volume = 5,280 cc Patient’s weight 61 kg 
Theoretical volume = 5,185 cc 

Case 10 (Med No 10324) — M C, aged 50, entered the hospital Dec 19, 
1919, complaining of dyspnea and anemia Onset of symptoms about January, 
1918 These consisted of weakness, pallor and dyspnea on exertion 'Has been 
transfused several times and had two definite periods of improvement during 
the first of which his blood reached normal For two months before his pres- 
ent admission all the symptoms have been worse and edema of the legs and 
epigastric distress are marked Physical examination shows typical pallor, 
tongue and blood picture There is anacidity of the gastric contents, also 
ascites and edema of the legs 

Transfused January 10 with 521 c c of citrated blood having an oxygen 
capacity of 21 15 per cent 

Oxygen Capacity Hb Red Cell Count 
Before transfusion 7 99% 43% 1,048,000 

After transfusion 9 35% 50% 1,272,000 

Total blood volume = 5,742 c c 

Transfused January 15 with 495 cc of citrated blood having an oxygen 
capacity of 19 94 per cent 

Oxygen Capacity Hb Red Cell Count 
Before transfusion 7 03% 37% 1,275,000 

After transfusion 8 16% 44% 1,808,000 

Total blood volume = 5,160 c c Patient’s weight, 59 kg 
Theoretical volume = 5,015 cc 

RELATION OF PLASMA AND CELLS 

Hematocrit determinations were done m most of the cases and m 
the following table the results are given expressed m cubic centimeters 
per kilo body weight 

It is quite evident that the reduction in total volume is due to 
the decrease of red cells rather than to any change m plasma volume 
Cases 9 and 10 show a normal total volume and in one of these 
in which the hematocrit determinations were made, the normal volume 
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is shown to be due to an increase of plasma This is m conformity 
with the findings of Keith, Rowntree and Geraghty The average 
plasma volume is, however, normal Case 9 shows a high volume 
per kilo and Case 4 the lowest The degree of anemia in the two 
cases was essentially the same Case 4 had a general anasarca which 
was diminishing rapidly and Case 2 a very severe and persistent 
diarrhea 


Results of Hematocrit Determinations in Ten Cases 



Cc Blood Per Kg 

C c Plasma Per Kg C c Cells Per Kg 

Case 

Body Weight 

Body Weight 

Body Weight 

1 

56 

45 

11 

2 

72 

59 5 

12 5 

3 

62 

56 

6 

4 

52 

46 5 

55 

5 

54 

Not done 

Not done 

6 

64 

Not done 

Not done 

7 

71 

60 5 

10 5 

8 

57 

50 

7 

9 

88 

75 5 

12 5 

10 

86 

Not done 

Not done 

Average 

66 

56 

10 

Average normal 

85 

50 

35 


SUMMARY AND CONCLUSIONS 



1 A method for calculation of blood volume is described 

2 By this method nineteen determinations were made m ten cases 
of pernicious anemia 

3 The total blood volume in these cases was reduced m all but 
two cases 

4 Plasma volume remains essentially normal, the decrease m total 
volume being due to loss of cell mass 

5 The case showing a normal total volume has a high plasma 
volume 

6 There is no noticeable relation between the seventy of the dis- 
ease and the decrease in total volume 



A SIMPLE DEVICE FOR MEASURING RATE OF 

METABOLISM * 

HORRY M JONES, PhD 

CHICAGO 

Of those laboratory tests useful m the diagnosis of certain forms 
of disease, perhaps none is more valuable to the clinician than the 
recent test devised to measure basal metabolism 

The sudden interest which the test has stimulated among clinician 1 - 
has spread with surprising rapidity, perhaps for the reason that, from 
the standpoint of efficiency in the differentiation of certain disease, 
its results are so spectaculai m uniformity and conclusiveness More- 
over, it was just this rapid spread of interest m the test which has so 
effectually confirmed its usefulness as a diagnostic aid The question 
as to its value, so far, has been singularly free from controversy 

Lusk 1 and his associates, on the basis of very accurate and elaborate 
measui ements, have emphasized chiefly the scientific aspects of the 
test 

The problem of making the test available to those clinicians not hav- 
ing access to the elaborate equipment of the nutritions laboratory was 
solved by Benedict, 2 who designed a portable apparatus for measuring 
the basal metabolism of human subjects, and by DuBois, 3 who has 
devised a “linear formula” for use m indirect respiration calorimetry 

In a 1 ecent article, McCaskey 4 says of the method originated by 
Benedict “Unless its clinical value can be shown to be commensurate 
with the time, labor and equipment lequired, and in this instance 
these items are rather large, it cannot and should not endure ” His 
paper is offered as an additional contribution to this end In other 
words, he believes that the urgent need for such a test justifies the 
fairly considerable expenditure of time, labor and equipment neces- 
sary to its performance 

To extend still further its usefulness by reducing to a minimum 
this expenditure of time, labor and equipment, I undertook to devise 
an apparatus which is simple and accurate in operation and yet suffi- 
ciently compact for the surgeon, clinician or general practitioner to 
carry it to the patient’s home or bedside, an apparatus which is portable 
in a practical sense In designing it, I have kept this feature con- 
stantly in mind 

* From the Department of Pathology and Bacteriology, University of Illi- 
nois College of Medicine 

1 Lusk Arch Int Med 15 793 (May) 1915 

2 Benedict Boston M & S J 178 667, 1918 

3 DuBois Arch Int Med 15 793 (May) 1915, 17 855 (June) 1916 

4 McCaskey J A M A. 74 927 (April) 1920 



JONES— MEASURING METABOLISM 


49 


A second feature also deserves special emphasis m this connection 
All mathematical computations have been eliminated The units 
expressing the results of the test aic ai lived at immediately and with- 
out calculation A method which involves the use of logarithms, slide 
rule and considerable time for calculations, as in the case of the 
Benedict method, has not properly considered the inability of the 
average busy clinician to deal with this kind of mathematical procedure 

PRINCIPLE OF THE METHOD 

The latio of the quantity of carbon dioxid eliminated to the quan- 
tity of oxygen consumed is called the respiratoiy quotient In the 
oxidation of fat this RQ (respiratory quotient) is about 70 100, or 
0 70, of carbohydrate it is 100 100, or 1 Obviously, when a com- 
bination of fat and carbohydi ate is oxidized, the R Q lies somewhere 
between 0 70 and 1 It is necessary to know the R Q because the 


Calories per Lift r of Oxygen 



caloric value of a liter of oxygen, a factoi which must be known, 
varies with the R Q, as shown in Figuie 1 

With appropriate appaiatus, the deteimmation of the RQ, i e , the 
amount of carbon dioxid eliminated and oxygen consumed, is an ordi- 
nary laboratory procedure Having determined the R Q, i eference 
to Figure 1 gives the caloric value of each litei of oxygen so consumed 
The number of liteis of oxygen consumed, 5 multiplied by the caloric 
value of one liter at this R Q then gives the total caloric i adiation or 
late of metabolism 

In figure 1 it is seen that the calonc value of oxygen is not markedly 
affected by varying the value R Q In fact, m clinical work, it is 

5 A measure of the carbon dioxid eliminated could also be made the basis 
for calculating the heat output according to this same reasoning The objec- 
tions to this method, however, are that the caloric value represented by the 
elimination of a liter of carbon dioxid varies too widely, depending on whether 
it was derived from the burning of fat or of carbohydrate, and also to the 
fact that irregularities m the respiration causing overventilation of the lungs 
increase this error in determinations extending over such short periods 
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customary to assume the R Q as 0 82, which has been found to be 
the average of a large number of determinations By so doing, the 
task of measuring the carbon dioxid to ascertain the ratio is obviated, 
and it is necessary then only to measure the oxygen intake 

To calculate the caloric output by measuring the rate of oxygen 
intake and multiplying this by the caloric value of one liter at the 
assumed R Q of 0 82 is, therefore, the principle on which the apparatus 
here described is designed to operate 


T 



Fig 2 — Cross-section of apparatus Arrows indicate direction of move- 
ment of inspired and expired air, Br tube, breathing tube, T, three-way cock, 
F, flutter valve for directing circulation of gases , b, rubber bag to contain 
measured amount of gas and to allow for expansions and contractions in 
respiration , N, needle valve for releasing the measured amount of oxygen from 
M, the measuring cylinder, into the charcoal-alkali tower above, P, pressure 
gauge with room temperature scale on dial to indicate when one liter of dry 
oxygen at 0 C and 760 mm has been released at any given room temperature 
from the oxygen tank 

CLINICAL APPLICATION OF THE METHOD 

There are three principal ways in which the living body expends 
its store of heat 1 Following the ingestion of food there is a marked 
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rise in the rate of heat loss due to the specific dynamic action of 
foods 2 Muscular exertion requires an expenditure of its calonc 
equivalent Its effect on the heat loss ceases with complete muscular 
relaxation usually within thirty minutes following ordinary muscular 
effort 3 Certain vital processes, such as respiration, circulation, 
secretion, the maintenance of body temperature, etc , must be sup- 
ported irrespective of the first two and at the expense of the food 
stores or tissues of the body 

The first two represent variable quantities and may be eliminated 
by fasting and muscular relaxation, as indicated above Howevei, the 
third is a remarkably constant quantity for a given individual Oidi- 
narily this regular and ever present demand for the maintenance of 
the vital functions amounts to more than one-half of the body’s daily 
expenditure of heat, and because of the constancy with which it takes 
this toll, even m conditions of extreme starvation it has been given 
the name basal metabolism 

Under conditions of basal metabolism, the rate of heat loss of 
different individuals is surprisingly similar It varies with sex and 
age, being higher m youth and in males, but these factors need only 
to be taken into account to determine what is normal in any given 
case So true is this, that when the basal metabolism of a given 
individual varies more than 10 per cent fiom the normal for that 
patient’s sex and age, certain diseases may be diagnosed on the basis 
of this change from the normal late 

DESCRIPTION OF THE APPARATUS 

The apparatus (Fig 2) consists merely of a mouthpiece with wide 
flexible tube leading the expired air into the apparatus, a tower of 
small pieces of charcoal, soaked in alkali, for the purpose of removing 
the carbon dioxid, a gas anesthetic lubber bag to allow for expiration 
and inspiration and to contain the oxygen supply , a piece of aluminum 
pipe serving as a support to the alkali towei, and also as a measuring 
apparatus for delivering into the rubber bag a known quantity of 
oxygen The measuring cylinder is also provided with an attachment 
for the small forty gallon oxygen cylinder, and with a pressure gage 
with special dial to indicate when the desired quantity of oxygen 
has been released 

The instructions which have been found to cover the points in 
technic and principle of the method sufficiently to enable one of ordi- 
nal y skill to carry out the test are as follows 

PREPARATION OF THE PATIENT 

(1) Have subject take no food (nothing but water), for from fourteen to 
eighteen hours previous to test, preferably from 6 o’clock evening meal, to 
10 o’clock next morning, when test is made 
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(2) Subject should be lying comfortablj and quietly from fifteen to thirtj 
m nutes before test begins 


TECHNIC OF THE TEST 

Attach nose clip and test for air leak at nose by having subject close mouth 
and exert moderate pressure Turn three-way cock open to air Insert rub- 
ber shield of mouth piece inside of lips but outside of teeth, drawing lips up 
about neck of mouth piece Open needle valve of measuring cylinder Admit 
gas slowly from oxygen tank until bag distends sufficiently to just touch the 
side of the alkali tower This quantity is used merely to establish what is 
called the beginning point Now close nced'e valve A-dnnt gas slowly again 



F g 3 — Appai ctus m use 

from oxygen tank while indicator is driven around, and, after tapping gage 
with finger, stands exactly over room temperature point of scale on dial When 
released, later, this quantity will be 1,000 cc (± 2 cc) of gas at 0 C and 
760 mm Hg It is held in the measuring cylinder ready for release at the 
beginning point Approximately at beginning of e.xp'tiation quickly turn three- 
way cock closed Subject is now breathing gases confined m the tower and 
bag Observe the quantity of gas m bag as it gradually diminishes in volume 
Watch point where bag makes contact with the side of alkali tower That 
expiration, when the bag, at its fullest distention, just fails to touch the side 
of alkali tower, is counted one If the expiration following this one fails to 
cause the bag to touch the alkali tower it is counted two, and the one follow- 
ing this tin cc This establishes the beginning point At this instant release 
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the stop watch and then discharge the 1,000 cc of gas now in measuring c\hn- 
der by opening needle valve Close needle valve again and admit a second 
liter of gas into measuring cylinder After a few minutes bag will have again 
diminished in volume to same condition described for the beginning point 
(namely, three successive normal expirations, when the bag, at its fullest dis- 
tention, just fails to touch side of alkali tower) Watch for this as before, 
and when it occurs note time by stop watch Release second liter to bag, as 
before Close needle valve again and admit a third liter to measuring cylinder 
Proceed in this way, observing exact time required by subject to consume each 
successive liter Two liters is usually sufficient but average of three is better 
Finally at the end point of the last liter used, stop the watch, turn three-wa\ 
cock to open, and remove the mouth piece Before removing nose clip, test 
again for air leaks as at beginning of test (If air leak has developed during 
test discard the readings ) Total time on watch divided by number of liters 
consumed equals aveiage time icquvcd to consume one litci , and from this 
the subject’s rate of metabolism is made known as follows 

TO CATCULATE METABOLIC RATE 

To illustrate Male, age, 30, height, 66 inches, nude weight, 153 pounds, 
averaged 3 1 minutes to consume 1 liter of oxygen Referring to Table 1, his 
height and weight lines intersect in a point between oblique lines 1 7 and 1 8, 
say at 179, 179 square meters is, therefore, his body-area Referring to Table 
2, this body-area line, 1 79, and his 3 1 minute line, intersect in a point between 
50 and 55, say 53 Rate is, therefore, 53 calories per square meter per hour 
or -f- 34 per cent , l e , 34 per cent above the normal for his age and sex, 
as seen from Table 3 


CARE or ALKALI TOWLR 

Pour about 400 cc of a satuiated solution of commercial sodium hydrate 
over coal mass About 100 c c of this will settle to bottom A few minutes 
before beginning on a test, hold back coal particles with hand and drain this 
bottom fluid into a glass or beaker, then pour it over coal mass again to 
redistribute the alkali Run the test and duplicate test, then dram this bottom 
liquid off again and discard it For another test and duplicate test use another 
fresh 100 cc portion of the alkali solution After test, dram and discard as 
before Before putting apparatus away always dram off this bottom fluid, 
and then pour in about 200 c c water to wash off the exhausted alkali on the 
coal particles Drain this off, and then pour in another 200 c c water to stand 
in bottom of tower until used again This prevents crystallmation of sodium 
bicarbonate in bottom and clogging of coal mass Before using apparatus again 
dram this water off and pour on about 100 c c of saturated solution of sodium 
hydrate, which will be sufficient for a test, and duplicate test, as before 


The height-weight table (Fig 4) is modified after the table of 
DuBois 3 according to his “linear formula” Area = W 0425 X H 
0 725 X 71 84 


The body area-minute table (Fig 2) is constructed according to 
the formula 4 823 x ht T f of °wn cisum c d - perjou r = ca i ones per houi 

per square meter, in which 4 823 is the caloric value of one liter 
oxygen at the assumed RQ 0 82, and m which the liters of oxygen 
consumed per hour was calculated on the basis of the average numbei 
of minutes lequued by the patient to consume one liter of oxygen 
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SOURCES OF VARIATIONS 

1 Age and Sei — The effect of age and sex on the rate of metabo- 
lism is shown m Table 1 by Aub and DuBois 6 


TABLE 1 — Variations Due to Age and Sex, Expressed as Calories 
Per Square Meter Per Hour 


Age 

Males 

Females 

14-1G 

46 0 

43 0 

16-18 

43 0 

40 0 

18-20 

41 0 

38 0 

20-30 

39 5 

37 5 

30-10 

39 5 

36 5 

40-50 

38 5 

36 0 

50-00 

37 6 

35 0 

00-70 

36 5 

34 0 

70-80 

35 5 

33 0 


In expressing the rate of metabolism as ±%, the above factors 
must therefore be taken into account 



NUDE WEIGHT IN POUNDS 
Curved lines zzbody area in so meters 

Fig 4 — Height-weight table 

2 The Effect of Foods — The specific dynamic action of food may 
be defined as that efitect which the ingestion of food has m stimulating 
the metabolic rate to an increase above the basal rate For proteins 
this stimulating action amounts to an increase of 33 pei cent of 
the caloric value of the amount of protein ingested , for fats it is 
11 per cent, for carbohydrates, 5 per cent The patient is instructed 
td take no food after the six o’clock evening meal, the test being 
made at about 10 o’clock the next morning, 1 e , sixteen hours after 
the last meal If these instructions are not made clear, or the subject 
forgets, or uses deception m regard to them, this specific dynamic 
action of food enters as a source of considerable variation, and may 
take the observer unawares Another source of error which may also 

6 Aub and DuBois Arch Int Med 19 831 (July) 1917 
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take the observer by surprise is that due to the effect of caffem T in 
increasing the rate of metabolism If the patient is allowed his morn- 
ing cup of coffee or tea on the assumption that it contains nothing 
of any food value, the observer is then at a loss to explain the 10 
or 20 per cent rise above the normal basal rate 

3 Muscular Tension and Psychic States — The effect of muscular 
tension m increasing the rate of metabolism is obvious If the subject 
is restless, or lies in an uncomfortable or tense position, or is subjected 
to various psychic disturbances as fear of the test, or embarrassment, 
the effect in increasing the metabolism above the basal rate may be 
even greater than in the last mentioned source of variation For 
example, in a demonstration of this apparatus given bef oi e the Chicago 

a 

Society of Internal Medicine, the subject’s rate rose to 28 per cent 
above her basal rate, which later, under less exciting conditions, was 
normal In spite of her attempts to assume complete muscular relax- 
ation, the rate of metabolism, more than anything else, revealed the 
attack of stage fright, which the subject later admitted Some day 
the criminologist, by the aid of appropriate conti ols and setting, may 
find in this stimulating action of fear a dependable ally in the detection 
of crime The point of therapeutic value is that a patient, put to bed 
to reduce his rate of metabolism, defeats the purpose in a large measure, 
sometimes by worry, by homesickness, by entertaining visitors, or by 
a number of other ways in which the psychic element has not been 
' considered 

4 Variations Due to Certain Diseases — When the basal rate of 
metabolism of a subject is found to be constantly above or below the 
average basal rate for peisons of his age and sex, certain diseases 
are diagnosed, chief among which are disturbed functions of the thyroid 
and pituitary Severity of the disturbance is proportional to the varia- 
tion from the normal rate, and, therefore, by following the variation 
of the rate from the normal by successive tests, the effect of therapy 
can be demonstrated Following the effect of treatment is, m fact, 
one of the firmly established uses of the test 

TECHNICAL SOURCES OF VARIATIONS 

The Gas Measuring Apparatus The purpose of the pressure 
gage is to indicate that pressure at which the measuring cylinder will 
deliver 1,000 c c of dry oxygen at 0 C and 760 mm Hg pressure 
This volume at 23 C and 750 mm Hg becomes 1,098 8 c c , if meas- 
ured over water it is further increased to about 1,128 8 c c since the 
vapor tension at 23 C is 21 mm Hg In operation, however, this 


7 Means, Aub and DuBois Arch Int Med 19 832 (July) 1917 



56 


ARCHIVES OF INTERNAL MEDICINE 


measuring apparatus is independent of temperature and pressure 
changes The influence of temperature on the gas volume is eliminated 
by having the pointer of the gage come to rest over various points on 
the dial representing various room temperatures The construction 
of the measuring apparatus is essential in principle to that of the 
anaeroid barometer, and is, therefore, independent of changes m atmos- 
pheric pressure, 1 e , the indicator merely represents the tension of 
gas inside the cylinder as against the tension outside of it, regardless 
of what this outside tension may be In spite of these features, the 
apparatus is not a delicate mechanism requiring frequent readjustment 
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Fig 5 — Bocb' afca-imnute table 


or repair By actual trial the accuracy of the measurement is about 
±2 cc out of 1,000 cc, or 0 2 per cent error This degree of 
accuracy is possible, however, only if the operator is careful each 
time when leading the pressure to tap on the side of the gage with the 
tip of the finger, to make sure that the indicator has not encountered 
some slight resistance m its cog mechanism 

(b) Effect of Oxygen Rich Air on Rate of Oxygen Absorp- 
tion Benedict and Higgins 8 have shown that the breathing of 
oxygen rich air, even up to 90 per cent oxygen, has no effect on 
the rate of oxygen absorption The concentration of oxygen m the 


8 Penedict and Higgins Am J Physiol 28 1, 1911 
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test as described here is never above about 80 pci cent at the begin- 
ning, and nevei below 20 per cent at the end of the test 

(c) Eitect or Temperaiure The effect of temperature on the 
volume of gas contained in the alkali towei is very slight The 
rise m temperatuie averages only 2 C and the volume of the con- 
tained air is only about fiom 500 to 700 cc Enoi from this souice 
is negligible 

(d) The Nose Clamp Special caution is necessaiy m adjusting 
the nose clamp If too tight, the patient is m consideiablc distiess 
m a few moments, if too loose enormous errois will lesult, since 
the air of expnation is forced out through small leaks veiy rapidly 
The patient should use only model ate piessure, howevei, in testing 
for such leaks To guaid against this source of eiroi, consistent 
care in adjusting the nose clamp is absolutely essential, legardless of 
the type of nose clamp employed 

TABLE 2 — Variations in End-Points in Succcssnr Ilsts on rue Saul 
Individual, Without Disconnlcting thl Subji ct irom tiil Apparatus * 


* The patient Horn whom these dat i wore obt lined was m toina, showing that knowledge 
of the test or cooperation on the p irt of the patient is not essential to nccur.icj 

(e) The End Point oi the Test The volume of gas in the 
bag is reduced at the late of about 15 cc pei respn ation The bag, 
theiefore, approaches the empty condition gradually Moieovei, the 
point in the cycle of respn ation which gives us the beginning and end- 
point, namely, the end of expnation, is also constant legardless of the 
rate and amplitude of lespiration, since this point in the cycle lcpic- 
sents the position of passivity of the respn atoiy oigans 

The percentage vanation in the time lequned by the patient to 
consume each successive liter is usually within ± 2 per cent of the 
average of the total time, as seen in Table 2 In patients suffeung 
fiom severe degiees of thyi eotoxicosis who are invariably moie or less 
intractable and restless, it is, therefore, of greatei importance, clin- 
ically, to make two separate duplicate one liter tests, than a single 
test of two or more liteis in succession In this way the method 
is rendered practically free from chance errors due to the operator’s 
technical routine 


MmuUb 
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COMPETING THE TOTAL CALORIC REQUIREMENTS Or THE PATIENT 

When the total caloi ic loss of an individual under basal metabolism 
conditions is determined (Fig 6) for the twenty-four hour period, 
this does not mean that this caloric equivalent in food will keep him 
m caloric equilibrium, even with complete rest in bed A subject 
with a caloric output of 1,600 calories for twenty-four hours will 
require about 400 calories in addition to offset the caloric waste caused 
by the specific dynamic action of the food This additional amount 
of food will depend on the proportion of the various food elements 
since these vary, as stated befoie, in their effect in stimulating the 



Cs/or/c output per a a hre . 


Figure 6 

metabolism above its basal rate Ordinarily, their combined effect 
amounts to a waste of between from 20 to 25 per cent of the total 
caloric intake If the subject is not at rest m bed, a still further 
addition in the caloric intake must, of course, be allowed, the amount 
depending on the amount of work done by the subject This is of 
importance m connection with the regulation of the diet of patients 
who are abnormally low or high m body weight 

COMPARATIVE TESTS 

In comparing the results of tests made by this apparatus with those 
obtained by the Benedict apparatus, the two instruments agree within 
very narrow limits Strict agreement m the reading of the gas vol- 
umes could not be expected since the oxygen volume as measured by 
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the Benedict method is made over water and no allowance made for 
aqueous tension This, at 23 C , introduces an error of 3 per cent 
m the reading by the Benedict apparatus, and at higher temperatures 
the eiror would be disproportionately greater When correction is 
made for this factor, the liter of gas, as measured m the apparatus 
described here, when discharged into the spirometer in the Benedict 
apparatus showed a rise of the spirometer corresponding veiy closely 
to one liter as measured m the latter With successive tests the agree- 
ment was extremely close, ± 3 or 4 c c when the same end of the 
spirometer was used Tlnee different models of the Benedict apparatus 
were used m this comparative test with equally close results 


TABLE 5 — Basal Rate ie Calories Per Square Miter Per Hour* 


Subject 

Age Sc\ Rate 

S T 

Wy 

J J T 

PPG 

F G 

M W 

S P 

25 1 P 36 1 

26 ' F 37 0 

32 M 39 6 

24 M 39 _> 

22 T 37 5 

16 F no 

13 j M 44 0 


* These results should be compared with the values given in the table by Aub and DuBois 
(Charts 1 and 2) 


TABLE 4 — Percentage Rise Above Basal Rate* 


Patient 

Age 

Sc\ 

Rise, per Cent 

0 C H 

35 

M 

+112 

H P 

47 

F 

+ 87 

P P 

28 

F 

+ 51 

F 0 

28 

M 

+ 35 

W S 

52 

F 

+ 63 

A H 

44 

F 

+ 26 

M P 

38 

r 

u. 22 


* The rates given in this table are those of persons suffering from lijperthjroidism of 
varying degrees of severity All of them had been diagnosed as such b> Dr Charles S 
Williamson before being tested The results show the same ranges of variation reported 
by others on many cases of this disease 


TABLE 5 — Percentage Rates of Mltabolism with Benedict 
and Jones Apparatus 


Benedict Jones 




Miss g n 

104-107 

103-101 

Miss S F 

157-160 

158-150 

Mr N A 

99-102 

98-99 

Miss E P 

123-120 1 

120-121 

Mr H L 

103-105 

104-107 


In comparing the percentage rates of metabolism of noimal per- 
sons, and also hypei thyroid subjects showing varying grades of seventy, 
the values shown m Table 5 represent the usual degree of agreement 
of the two instruments, when the particular instrument in use is pro- 
tected against leaks, and when the carbon dioxid absorbing reagent 
is working properly 
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The conclusion is, therefore, justified that either apparatus is quite 
satisfactory for clinical studies m metabolism, the question of differ- 
ences in the two instruments centering mainly around the proposition 
of arriving more easily and quickly at the end result with less chance 
foi error when operated by persons of only average skill 

This instrument has also been used for many months in hundreds 
of tests on normal persons of all ages and both sexes The results 
agree (within the limits of physiological variation) with the average 
values of normal subjects of given age and sex (see table by Aub 
and DuBois given on a preceding page) As reported in a previous 
papei, 0 the apparatus is also being used regularly by the author m 
clinical research and also in the diagnosis of suspected or borderline 
cases of myxedema and hyperthyroidism Duplicates of the instru- 
ment have been distributed among clinicians and general practitioners 
in various parts of the country, who are using it for a like purpose 
So far no inherent inaccuracies 01 technical difficulties have been 
reported from these sources 


SUMMARY 

An apparatus for measuring the rate of oxygen consumption, 
designed to be portable in a practical sense, is described and illustrated 
Sources of error are discussed and then percentages reduced to a 
minimum consistent with simplicity 

Mathematical procedures necessary for calculation of the rate of 
metabolism (from the respiratory quotient, the body area, and the 
rate of oxygen consumption) are eliminated from the test The read- 
ing is made directly, in terms of calories per hour per square meter 
of body area 

Independent and comparative tests show its technical variations to 
be within physiologic and individual variations, and, therefore, ade- 
quate to the needs of the clinician as an instrument for measuring 
basal metabolism 


9 Jones, H M J A M A 75 538 (Aug 21) 1920 





SPIROCHETAL PULMONARY GANGRENE " 
MAURICE FISHBERG, M D , and B S KLINE, MD 

NEW ^ ORK 

Ever since Obeimeier, in 1873, leported the presence of micro- 
organisms of the genus spuochela, 01 spirilla, in the blood of patients 
with relapsing fever, many diseases have been found to be caused 
by varieties of this species The most important disease due to 
spnochetal infection is, of couise, syphilis, to which etiologic rela- 
tionship of the Spirochacta palhdci was demonstrated by Schaudmn 
and Hoffman m 1905 Castellam subsequently found that fiambesia 
tropica, or yaws, was caused by the Spv ochaeta pci tenuis The eti- 
ologic lelationship of spuochetes to Vincent’s angina, Weil's disease, 
rat bite fever and pyoirhea alveolaris has likewise been demonsti ated 

It is, howevei, not so well known that certain pathologic piocesses 
in the bionchi and lungs are due to the activity of these micio- 
organisms Many years ago, Eichhorst stated that he found spiro- 
chetes in the sputum of some patients suffei mg fiom bronchitis 
Bertaielli and Volpmo observed Spi) oclweta buccalis and Spn ochaeta 
pallida m the sputum of patients affected with heait disease These 
obseivations were not confiimed until Aldo Castellam 1 lepoited two 
cases of hemorihagic bronchitis presenting symptoms simulating those 
of pulmonaiy tuberculosis, but no tubeicle bacilli could be discovered 
in the sputum either nucioscopically 01 by animal inoculation In 
these cases large numbers of spirochetes were found in the sputum 
Although Castellam pointed out that similar organisms weie also 
found in the saliva and the superficial scrapings of the gums of his 
patients, he was inclined to ascube an etiologic lelationship of the 
spuochetes to the pulmonary disease 

From a study of his cases Castellam arrived at the conclusion that, 
at least in Ceylon, there is a foim of bronchial and pulmonary dis- 
ease caused by spirochetes To this disease he gave the name of 
bionchial spirochetosis 

These findings attracted attention and soon man)' othei obseneis 
leported sinnlai cases seen in the tiopical wmrld Jackson, Phalen 
and Kilbourne 2 and Weston R Chamberlain 3 repoited cases from the 

* From the Montefiore Home and Hospital 

1 Castellam, A Note on a Peculiar Form of Hemoptysis with Presence 
of Numerous Spirochetes in the Expectoration, Lancet 1 1384, 1906 

2 Phalen and Kilbourne Report of the U S Army Board for the Study 
of Tropical Diseases made to the Surgeon-General, U S Army, Washington, 
D C, June 30, 1909 

3 Chamberlain The Occurrence in the Philippines of Associated Spiro- 
chetes and Fusiform Bacilli in Ulcers of the Throat (Vincent’s Angina), of 
the Mouth and of the Skin, and m Lesions of the Lungs (Bronchial Spiro- 
chetosis), Philippine J Sc 6 489, 1911 
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Philippine Islands J A Taylor 4 obseived several cases of “pneu- 
monia” among the natives of Uganda nvvhich the causative organisms 
appeared to be spirochetes He also mentions one case occurring m 
a European living m Uganda J W Scott Macfie 5 reported cases 
observed at Accura, Gold Coast Colony, West Africa, and Frank 

5 Harpei 6 noted the condition of a cook living in Tomall, Northern 
Territories, Gold Coast, West Africa 

That the disease is not confined to tropical countries was made 
apparent when Ignatz Feldmann 7 and K Buday 8 reported several 
cases observed m Hungary Buday reported many cases of pulmonary 
gangrene in which a careful macroscopic and microscopic study was 
made The spirochetes and fusiform bacilli were found m large num- 
bers in the gangrenous pulmonary lesions 

During the Word War many causes of bronchial and pulmonary 
spirochetes were observed among the tropical troops brought to West- 
ern Europe Likewise, in Europeans who had never been m the tropics, 
spirochetes were found m the sputum in certain cases of bronchitis and 
pneumonia, and of patients showing symptoms not unlike those of 
pulmonary tuberculosis Thus, cases of spirochetosis bronchialis 
hemorrhagic spirochetosis, etc , have been reported by G Delamore , 8 
Dalimier , 10 J A Thomson , 11 S Fischera , 12 H Violle , 13 F Barbary , 14 
P Nolf , 15 P Spehl , 10 and many others in France, Italy, England, Bel- 
gium, etc G A Lurie , 11 of Chicago, reported a case observed m a 
Greek lady residing in Uskub, Serbia One of us observed in the 
A E F Hospital Center, Bazoilles, Vosges, France, two cases in 
Americans (white) not unlike those reported by the authors mentioned 
Smears from the gangrenous pulmonary areas made at necropsy 

showed innumerable mouth organisms, including spirochetes One of 
_______ _______ • 

4 Taylor Bronchal Spirochetosis in Uganda, with Pneumonic Symptoms, 
Ann Trop M & Hyg 8 13, 1914 

5 Macfie Bronchial Spirochetosis, J Trop M & Hyg 18 63, 1915 

6 Harper Bronchial Spirochetosis, J Trop M & Hyg 17 194, 1914 

7 Feldmann Beitrag zu den durch Bacillus .fusiformis und Spirillum 
dentium herforgerufenen Infektionen mit besonderer Berucksichtigung der 
Eiterungcn, Wiener klin Wchnschr 19 695, 1906 - 

8 Buday Histologische Untersuchungen uber die Entstehungsweise der 
Lungengangran, Beitr z path Anat u z allg Path 48 700, 1910 

9 Delamore Bull et mem Soc med d hop de Par 43 526, 1919 

10 Dalimier Presse med 27 124, 1919 

11 Thomson Pulmonary Spirochetosis, Brit M J 2 775, 1919 

12 Fischera Riforma med 34 384, 1918 

13 Violle Bull de l’Acad de med , Par 79 429, 1918 

14 Barbary Bull de l’Acad de med , Par 79 461, 1918 

15 Nolf and Spehl Arch med Beiges 71 1, 1918 

16 Nolf, P Fetid Spirillar Bronchitis and Pulmonary Gangrene, Arch 
Int Med 25 429 (April) 1920 

17 Lurie, G A Note on Castellani’s Broncho-Spirochetosis, J Trop Med 

6 H\g 18 269 1915 
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these patients had maiked dental canes, and smears from the matenal 
in the cavities likewise shoved many mouth otgamsmx including 
spirochetes 

It is notewoithy that even befoie these lepoits were made, I H 
Rothwell 18 lepoited two cases of “bionchial Vincents angina” with 
symptoms and signs simulating pneumonia, but in which the sputum 
was found to be full of spirillae and fusifoim bacilli 

Moie lecently Ralph R Mellon 10 leported a senes of cases of 
udtooping cough, pneumonia and empyema fiom Rochestei, N Y, m 
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Fig 1 — Right lung Extensive bronehopnaimonia \ntli gangienous ulceia- 
tion in right lower lobe 

which fusiform bacilli v^eie disco^ied in the sputum A N Sm- 
clan 20 also found in the Philippine Islands numeious cases of pul- 
monaiy hemoirhage of tubeiculous origin, in which A^ncent’s spno- 
chetes, oi fusifoim bacilli w^eie discoveied in the sputum It is his 
opinion that the piesence of fusifoim bacilli piedisposes to hemoptysis 

18 Rothwell Bronchial Vincent’s Angina, JAMA 54 1867 (June 4) 
1910 

19 Mellon A Clinical and Bacteriological Study of Fusiform Bacillus 
Infection, New York State J M 20 187, 1920 

20 Sinclair Vincent’s Spirochetae and Hemorrhage m Pulmonan Tuber- 
culosis, Am Rev Tuberc 4 201, 1920 
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in tuberculous individuals, and that hemorrhage only larely occurs in 
incipient cases unless they are present 

The following case of pneumonia with gangrenous ulceration, 
apparently caused by spirochetes, observed at the Montefiore Hospital, 
is believed to be the fust reported m New York 

REPORT Or CASE 

M S (No 027757), aged 33, native of Russia, six years in the United 
States , tailor , admitted April 19, 1920, as a case of pulmonary tuberculosis 
Symptoms on admission Fe\er reaching 105 F , of a continuous type, 
severe, incessant cough, copious expectoration of foul smelling, greenish mate- 



Fig 2 — Pneumonia with associated gangrenous ulceration Low power 


rial, at times bloody, dyspnea, cyanosis, prostration The mental state of the 
patient precluded obtaining a clear cut and reliable history of the case, but 
combining the data elicited from him with those given by his friends who 
visited him at the hospital, we find that his family and personal past history 
present no conditions which may haie had any bearing on his present state 
He had been married for eight years, had two children, both alive and well, 
and had worked at his trade, tailoring, without interruption due to illness, 
till March 15 1919, when he began to cough and expectorate This cough, 
how e\ er, ivas at the beginning so slight, that he believed it to be due to 
exccssne smoking and he paid little attention to it 

During the first -week of April, he was suddenly sewed with vomiting, fol- 
lowed by fever and prostration A physician who examined him at that time 
informed him that “weak lungs” were responsible for his trouble and advised 
a trip to the mountains The seierity of the disease prevented his leaving 
the city The frequent chills, high fever and sweats became \ery marked and 
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he was referred to the Montefiore Hospital with a diagnosis of acute progres- 
sive pulmonary tuberculosis 

On admission it was felt that we were dealing with a case of gangrene of 
the lungs The foul, sharp, penetrating odor of the breath and expectoration 
pointed in this direction, the high fever, the sv'eats and the prostration ga\e 
support to this provisional diagnosis Physical exploration of the chest 
revealed a suspended area of flatness in the middle of the right side of the 
chest, this flatness was most marked over the lower two-thirds of the uitcr- 
scapular space On auscultation the breath sounds w'ere found feeble, liardlj 
audible over the flat area, while over the upper lobe of the right lung, medium 
sized, moist rales w r ere heard , over the right base, in the axillary space a 
soft friction sound v r as made out There w'ere also signs of fluid in the left 
pleural cavity, flatness, feeble breath sounds, abolition of vocal fremitus, dulness 



Fig 3 — Smear from gums (Fontana stain), high pow-er Spirochetes and 
other organisms 


in Traube’s space, etc These signs elicited on physical examination of the 
chest suggested either an interlobar empyema which had broken through a 
bronchus, a pulmonary abscess wduch may thus have originated, or gangrene 
of the right lung A roentgenogram confirmed the findings of physical explora- 
tion A large, somewhat round, shadows occupjing the middle third of the 
right lung, w'as disclosed The rest of the lung showed evidences of 
hyperaeration 

Of the laboratoiy findings, the following are of interest Blood — 
hemoglobin, 70 per cent , leukocytes, 21,000, lymphocytes, 18 per cent , 
polymorphonuclears, 80 per cent Wassermann reaction (blood) neg- 
atne, urea N= 13 7 per 100 cc , creatmm, 4 3 per 100 cc Urine 
acid , sp gr 1 022 , slight amount of indican , no albumin , no sugar , 
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Elu hch’s cliazo reaction negatne, no casts, no tubercle bacilli 
Repeated search also failed to disclose tubeicle bacilli in the sputum 
Coi relating the lnstoiy with the physical and roentgenograplnc 
signs it appeared that the process was not an interlobar empyema 
Theie was no history of an acute onset with pam m the chest, fever, 
etc , nor has the tempei atui e declined sufficiently to indicate that 
empyema broke through a bronchus and was being drained The fetid 
odor of the expectoiation also spoke against an mtei lobar abscess, 
there was no h stoiy of an acute pulmonaiy disease such as pneumonia, 
preceding it As soon as the patient began to expectorate, the sputum 



Fig 4 — Gangrenous lung (Fontana stain), high power Spirochetes and 
other organisms 


had the sharp penetrating odor chaiacteristic of gangrene A foieign 
body m a bronchus was thought of, but the lnstoiy, symptomato 1 ogy 
and the loentgenogram spoke against it 

The history, symptomatology, physical and loentgenogiapluc signs, 
combined with the laboiatoiy findings, were thus all against a diagnosis 
of tuberculosis As has already been stated, an mtei lobar empyema 
was also excluded The slow onset the absence of a history of acute 
pulmonary disease, oi operation on the tonsils, etc , also spoke against 
pulmonary abscess Furthermore, the expectorated matenal had the 
intensely penetrating odor characteristic of gangrene of the lung 
The sputum was then again sent to the laboiatory with a request 
that a careful search be made for spirochetes With the Fontana 
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stain, the presence of fusiform bacilli and spirochetes was readih 
demonstrated Inasmuch as these organisms aie \er) often found on 
the gums of healthy individuals, and especially the gum i < of those 
wdio suffer from pyoirhea alveolaris, the sputum was carefully washed 
and it w r as found to contain numerous spirochetes The material 
scraped from the gums w r as then examined and many spirochetes of 
the morphology of Spuochcta mici odcntmm and S’ mao odcntmm were 
found, some had the morphology of the Spu ochacta bioncluahs of 
Castellam A few had an appearance not unlike that of Spu ochacta 
pallida 



Fig 5 — Smear from gangrenous lung (Fontana stam), high power Spiro- 
chetes and other organisms 


The usual symptomatic treatment apparently had no effect on the 
piogiess of the disease The fevei remained high, between 103 and 
104 F , cerebral symptoms made their appearance and the prostration 
lemamed severe The foul odoi of the expectoration and the weak- 
ness of the patient increased Reports ha\e shown that m some 
cases of abscess and gangiene of the lung, artificial pneumothorax 
has pi oven of value, though m the expenence of one of us, it has 
never been a success in this class of cases On entering the right 
pleural cavity with the pneumothorax needle May 5 w r e found excellent 
negative pressuie with respnatory oscillations and allowed 400 cc 
of air to enter The intrapleural pressure remained minus 10 after 
the initial inflation 
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No improvement was noted m the general condition of the patient 
after the pneumothorax was induced The fever remained high, the 
prostration continued, and the weakness increased May 6, the cere- 
bral symptoms became accentuated, the patient died at 4 30, mani- 
festing intense dyspnea and cyanosis 

For special reasons a complete necropsy could not be made, only 
the thoracic and abdominal viscera were removed for examination 

The lungs showed extensive coalescing lobular and bronchopneu- 
monia of both upper lobes and the right middle lobe In the right 
lower lobe, associated with the consolidated lung, there was extensive 
gangrenous ulceration, the ulceiated areas varying m size from several 
milhmeteis to a cavity 4 cm in diametei 

Microscopically, the picture was that of extensive lobular and 
bronchopneumomc exudation with numerous aieas of necrosis and 
gangrene With Fontana and MacCallum stains, spirochetes and fusi- 
form bacilli were observed m large numbers m the necrotic and 
gangrenous areas The following is an abstract of the necropsy pro- 
tocol 

' NECROPSY PROTOCOL 

The larynx and upper part of the trachea were not removed The lower 
portion of the trachea and right bronchus show an intensely injected, swollen 
mucosa In the lumen, there is a considerable amount of mucopurulent mate- 
rial In the left pleural sac, several hundred c c of thin, blood tinged fluid 
were found 

Lungs All lobes much more voluminous than usual The upper lobes 
cushiony, soggy, middle and lower lobes soggy, solid The pleura is thick- 
ened over the upper lobes and over the posterior portions of the lower lobes 
There are sheetlike, fibrous tags in these areas There is some fibrinous 
exudate over the lateral and median portions of both lower lobes Glands at 
the lulum enlarged, pulpy, edematous, injected, pigmented On section of the 
upper lobes, a moist, dark red surface presents The tissue is apparently con- 
gested and edematous There is no definite consolidation There is a con- 
siderable amount of thin fluid in the air sacs The bronchial branches show 
an injected, swollen mucosa, overlaid by blood tinged, mucopurulent material 
Right middle lobe on section, shows extensive consolidation, the patches small, 
se\eral millimeters to one centimeter in diameter, almost adjoining one another 
throughout the lobe These areas are soft, yellowish, almost purulent They 
are, however, considerably more coherent than abscesses Both lower lobes on 
section show extensive, patchy consolidation, the patches almost adjoining each 
other throughout the lobes This is especially true m the posterior portions 
The patches in these lobes also vary in size from several millimeters to one 
centimeter They vary in color from reddish yellow to dark green The latter 
color is especially marked in the right lower lobe In addition, many of the 
dark green, consolidated patches show central ulceration The cavities vary 
in size from a few millimeters to four centimeters in diameter The large 
cavity is present in the upper anterior portion of the right lower lobe, veil 
below and median to the apical portion There is no sharp reaction zone 
about the cavities They are all surrounded by greenish, consolidated lung 
Within the cavities, there is thin, greenish, necrotic material The ulceration 
m the left low r er lobe is much less advanced than in the right lov r er The 
bronchial tree throughout, shoves beginning calcification of the cartilages The 
mucosa is swollen, injected, overlaid by mucopurulent material In places, espe- 
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cially in the right lower lobe, the mncosa has a greenish tint The lungs ha\c 
an intense, penetrating, disagreeable odor 

Smears from the yellow and green consolidated areas and ca\ities show 
innumerable, gram-negative spirillae and spirochetes resembling Spv ochaita 
mict odentium, S inact odcntium and S i cfnngcns, the latter present in small 
numbers Throughout the smears there are also innumerable gram-negatne 
bacilli Some of these are small, resembling Bacillus mflucnzac, others are 
larger Some of the larger gram-negative bacilli have a safety-pin appearance, 
resembling colon bacilli In addition, there are a large number of rounded, 
gram-negative cocci and some diplococci In the smears the following gram- 
positive organisms were noted innumerable diphtheroids, many rounded cocci 
rounded and lancet shaped diplococci, scattered small chains of rounded cocci, 
also scattered, straight and curved, beaded bacilli with tapering ends about the 
size of gas bacilli and somewhat smaller 



Fig 6 — Section of gangrenous lung (MacCallum stain), high power Fusi- 
form bacilli and other organisms 


Microscopic Sections Section 1 shows on gross inspection a number of 
circumscribed areas from one to several millimeters m diameter with pink 
periphery and bluish center Alveoli in general apparently filled Under low 
power, the circumscribed areas mentioned above are seen to be composed of 
a zone of necrotic pink stained lung tissue and exudate, the central portions 
bluish, consisting of masses of organisms There are many of these necrotic 
areas in the section, in places they adjoin one another, in places they are 
discrete and vary m size from that of a glomerulus to several millimeters in 
diameter In addition to these areas, the alveoli throughout the section m 
general are filled with exudate composed of swollen aheolar cells and 
amorphous pink stained material and a few w r andering cells The alveolar 
Avails, in geneial, show swollen epithelial cells with blood vessels moderately 
engorged In places, the alveoli are filled in great part by red blood cells 
Portions of the pleura in the section are swollen, distended by- amorphous 
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pink stained material, red blood cells and scattered wandering cells There 
is a small amount of fibrin present In places there is definite beginning 
organization of the exudate 

Section 4 shows in addition to circumscribed necrotic areas with masses of 
blue stained organisms, the adjoining alveoli filled with pus cells and mono- 
nuclear cells, the nuclei of the majority of these being deeply stained 
(pyknotic) External to the alveoli filled with pus cells, are alveoli filled with 
large mononuclear cells, some containing blood pigment, some pus cells, some 
red blood cells and some amorphous pink stained material The pulmonary 
vessels throughout are engorged In this section there are numerous groups 
of alveoli filled with exudate rich m polymorphonuclears , in places there is 
definite necrosis of the exudate In places there are circumscribed masses of 
blue stained organisms There are scattered bronchial branches filled with 
necrotic exudate containing blue stained organisms, the epithelium of these 
bronchial branches is almost homogenously pink stained, the nuclei being 
barely visible Throughout all coats of bronchial branches the blood vessels 
are engorged There is apparently considerable thickening due to the presence 
of granulation tissue In places, in the section the alveoli contain m great 
part amorphous pink stained material (serum) and scattered, desquamated 
cells In places, the exudate is present m the peribronchial alveoli, in places 
the exudate is apparently lobular in distribution and varies in proportion of 
serum, large phagocytic mononuclear cells, pus cells and red blood cells In 
places, there is definite organization of the exudate, in other places there is 
necrosis and ulceration associated with blue stained masses of organisms 

Section 5 shows a wall of a large cavity composed of amorphous pink stained 
necrotic material in the innermost zone, external to which there is granulation 
tissue composed of numerous engorged capillaries and fairly densely layered 
connective tissue cells In places, the connective tissue cells are loosely con- 
nected In places, there are numerous plasma cells m the granulation tissue 
External to this zone there are numerous, somewhat collapsed alveoli filled 
with exudate, varying in character, as described above In this section also 
there are fair sized bronchial branches with greatly thickened walls, due to 
granulation tissue 

Sections of the lung stained by Fontana method show in the necrotic aieas 
a considerable number of spirochetes resembling Spuochacta maci odcntium 
and S’ mm odcntium With this stain, innumerable other organisms are 
observed in the necrotic and consolidated portions Sections stained by 
MacCallum’s stain show in the consolidated and necrotic areas innumerable 
gram-positive organisms including gram-positive bacilli, some of these having 
the morphology of dijihtheroids , gram-negative bacilli, some having the 
morphology of influenza bacilli, also gram-positive and gram-negative cocci 
There are also many large slightly curved gram-positive bacilli, not unlike the 
fusiform bacilli of Vincent’s angina The spirochetes are poorly stained by 
this method With this stain the predominant organism is the somewhat gram- 
positive bacillus 

DISCUSSION 

The presence of numerous spirochetes in the gangrenous portions 
of the lung in the case reported, suggests their etiologic relationship 
to the lesion It is probable that the spirochetes responsible for the 
gangrene m this case are of the type Castellani calls Spu ochaeta bi on- 
clualis While, of course, there are present m the lesions numerous 
mouth organisms, the overwhelming number of the spirochetes, as well 
as the study of their location m the diseased area, and the cellular 
reaction to their presence, compels the conclusion that the predominantly 
gangrenous lesions are to be directly attributed to the spirochetes 



THE SIGNIFICANCE OF THE ACIDOSIS OF METHYL 

ALCOHOL POISONING 51 

CHARLES C HASKELL, S P HILEMAN and W R GARDNER 

RICHMOND, VA 

The mciease in the number of cases of poisoning by methyl alcohol 
that has occurred recently renders particularly interesting the report 
of the favorable results obtained by Harrop and Benedict 1 in the 
treatment of a case of such poisoning with sodium bicarbonate The 
rationale of this treatment depends on the fact first demonstrated by 
Krol 2 that there is an abnormal excretion of acid bodies in the urine 
following the ingestion of methyl alcohol Since Pohl 3 had previ- 
ously shown that methyl alcohol is slowly and incompletely oxidized 
in the body, a considerable proportion of that administered being 
excreted m the shape of formic acid, it was believed that this formic 
acid was responsible for the “acidosis ” Krol, however, found that 
the formic acid accounted for only a small part of the ammonia of 
the urine, indicating that other organic acids were excieted in abnor- 
mal amounts Tyson and Schoenberg 4 also found that there was 
an acidosis, as determined by the decreased titratable alkalinity of 
the body fluids, when methyl alcohol was administered by inhalation 
While the suggestion has been made that the acidosis might be an 
important factor in producing the poisonous action of methyl alcohol, 
apparently Harrop and Benedict were the first to treat a patient on 
this assumption In the case reported by these authors there was 
a definite reduction in the reserve alkali and there was also the 
characteristic air hunger 

It is now known that a reduction of the resei ve alkali of the blood 
occurs m a variety of pathologic states, but the exact significance of 
this reduction is not clearly understood There is evidence that strongly 
suggests that the disturbance of the acid-base balance may, m itself, 
cause definite anatomic changes Thus, Gialiam ,' 5 studying delayed 

* From the laboratory of pharmacology, Medical College of Virginia 

1 Harrop and Benedict Acute Methyl Alcohol Poisoning Associated with 
Acidosis, J A M A 74 25 (Jan 3) 1920 

2 Krol Cited by Harrop and Benedict 1 

3 Pohl Ueber die Oxydation des Methyl- und Aethylalkahols lm Thier- 
korper, Arch f exper Path u Pharmakol 31 281, 1892 

4 Tyson and Schoenberg Experimental Researches in Methyl Alcohol 
Inhalation, J A M A 63 915 (Sept 12) 1914 

5 Graham Late Poisoning with Chloroform and Other Alkjl Halides in 
Relationship to the Halogen Acids Formed by Their Chemical Dissociation, 
J Exper M 22 48, 1915, Sodium Carbonate m Chloroform Poisoning, Arch 
Int Med 25 575 (May) 1920 
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chloroform poisoning, finds that sodium carbonate administration 
protects against the lesions seen m the liver, and from this and othei 
considerations, he believes that the lesions are caused by the production 
of hydrochloric acid from a splitting of the chloroform in the body 
MacNider 0 in a similar manner finds that the carbonate lessens or 
prevents the kidney injury that is seen following the administration 
of uranium nitrate to dogs, and suggests the possibility that these 
renal injuries are due to the formation of acids as a lesult of a depres- 
sant action the uranium exerts on oxidative processes in the cell The 
discovery of a reduction of the alkali reserve in the patient under 
then care is probably justification for the institution of alkali therapy 
by Harrop and Benedict, and the results are sufficiently striking to 
give encouragement However, one case is far from conclusive, so 
it was deemed advisable to endeavor to ascertain by animal experimen- 
tation the importance of the idle of acidosis in the production of the 
symptoms of methyl alcohol poisoning and the benefits to be derived 
by the administration of sodium bicarbonate 

As was pointed out by Joffroy and Serveaux , 6 7 Pohl , 3 Hunt 8 and 
others, poisoning by wood alcohol may be of either the chronic or 
acute type Owing to the incomplete oxidation and slow excretion 
of this alcohol, there is a decided tendency to cumulation, so that 
small, nontoxic doses given repeatedly will lead eventually to severe 
oi fatal poisoning This type of case presents a hopeless outlook 
from the beginning, because the damage has already been done before 
the patient comes under observation On the other hand, where 
poisoning has followed the ingestion of a single large dose or of a 
few repeated large doses, it is probable that the outcome may be 
influenced by treatment, for here the attempt may be made to neutralize 
the toxic agent or hasten its elimination before irreparable damage 
has been done Many of the recent cases were of this second type, 
Harrop and Benedict’s being illustrative Therefore, we have made 
the attempt to determine the acute toxicity of methyl alcohol for dogs , 
to ascertain whether an acidosis occurs in animals so poisoned, and 
to estimate the value of alkaline treatment under such conditions 

According to Hunt , 8 the toxicity of the purest available methyl 
alcohol is closely approximated by that of ordinary “Columbian spirits” 
and similar commercial preparations Neveitheless, we have used a 

6 MacNider The Inhibition of the ToxiciU of Uranium Nitrate by Sodium 
Carbonate, and the Protection of the Kidney Acutely Nephropathic from 
Uranium from the Toxic Action of an Anesthetic by Sodium Carbonate, 
J Exper M 23 171, 1916 

7 IofTro\ and Ser\eaux Mensuration de la toxicite experimentale et de 
la toxicite \raie de 1’alcool methjlique Arch de med exper 8 473, 1896 

8 Hunt The Toxicitj of Methjl Alcohol Bull Johns Hopkins Hosp 
13 213, 1902 
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high grade of methyl alcohol, marketed b) Merck under the title of 
Reagent Alcohol Methylic, and, according to the label on the bottles 
having the following maximum limit of foreign substances Non- 
\olatile matter, 0 0020 per cent , acetone, 0 0150 per cent , eth>l alco- 
hol, 1 0000 per cent , empyreumatic substances, 0 0000 pei cent , alde- 
hyds, 0 0000 pei cent , substances oxidizable by pei manganatc, 0 0000 
per cent , chloroform, 0 0100 per cent 

Dogs were used as experimental animals, the diug being gnen 
undiluted either subcutaneously or orally The injections were made 
at loom temperature from a buret connected with a hypodermic needle 
foi the subcutaneous injections or with a cathetei used as a stomach 
tube when oral administration was practiced In the latter case, the 
dogs received a pielmnnary injection of 10 mg morplun sulphate per 
kilogram of body weight m order to prevent emesis from the uritant 
action of the alcohol m the stomach 

To detect the existence of an acidosis, the method of Van Slyke and 
Cullen for determining the caibon dioxid combining power of the plasma 
was used 0 Blood was generally drawn from the external jugulai 
vein , occasionally from the femoral , and, in one instance, from the 
heart It was found convenient to employ a 10 c c syringe, coated 
with petrolatum On securing approximately 10 c c of blood, the 
needle was removed and the syringe connected with a short piece of oiled 
lubber tubing, through which the blood was forced into a centrifuge 
tube, containing a small amount of liquid petiolatum and a few drops 
of a saturated solution of potassium oxalate By means of the tube, 
blood and oxalate were well mixed We could not detect that these 
slight modifications exerted any influence on the values obtained, and 
clotting was less likely to occui 

With sufficiently large doses of the alcohol, the usual intoxication 
was produced with- its slow onset and persistent coma Twitching 
of the facial muscles invariably occurred, but we did not obsene 
actual comulsions from any dose of the alcohol The subcutaneous 
injection of the stiong alcohol caused some slight temporary discomfort, 
but this soon passed off Following either method of administration, 
aftei the onset of the coma, many of the dogs cried out constantly, 
their cries becoming much louder if they were handled m any way 

When alcohol is injected subcutaneously it is seen that there exists 
considerable variation in the resistance of different animals to the 
poisonous action Thus, one dog died following the injection of 5 c c 
alcohol pei kilogram of body w r eight and one dog died following a 
dose of 6 c c pei kilogram of body weight, while two dogs that were 

9 Van Shke and Cullen The Bicarbonate Concentration of the Blood 
Plasma etc f Biol Chem SO 289 1917 
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given 7 cc alcohol per kilogram of body weight survived A dose 
of 8 c c was fatal to three dogs Other investigators have placed the 
lethal subcutaneous dose for dogs at a slightly higher figure, Dujardm- 
Beaumetz and Audige 10 stating it to be about 7 gm per kilogram, 
while Joffroy and Serveaux 7 place the lethal intramuscular dose for 
dogs at about 9 c c 

Our results are given in Table 1 


TABLE 1 — Ri-sults -of Subcutaneous Injection of Methyl Alcohol 


Number 
o£ Experi- 
ment 

V eiglit 
in 

Kg 

Dose of 
Alcohol in 

C c per Kg 

Result 

1 

101 

4 

Survived 

1 

61 

5 

Died 

2 

14 1 

6 

Died 

3 

95 

7 

Recovered 

5 A 

12 95 

1 

Recovered 

7 

8 18 

8 

Died 

S 

51 

8 

Died 

9 

7 16 

s 

Died 


When the alcohol is given orally, similar individual variations are 
encountered Thus, it is found that one dog succumbed to a dose of 
5 c c per kilogram , two dogs died from a dose of 6 c c per kilogram, 
while two of eight survived a dose of 8 c c per kilogram Therefore, 
even this last dose cannot be said to be the surely fatal dose, but, at 
the time these experiments were carried out, the majority of dogs 
succumbed to it These results aie tabulated in Table 2 

TABLE 2 — Results from Oral Administration of 
Methyl Alcohol to Dogs 


Number 
of Expert 
ment 

Weight of 

Dog in 

Kg 

Alcohol, 

C c per 

Kg 

Result 

90 

4 66 

4 

Recovered ' 

19 

9 8 

4 

Recovered 

91 

3 86 

5 

Died in less thnn 140 hours 

20 

73 

6 

Survived 

87 

4 96 

6 

Died in 53 hours 

88 

6 93 

6 

Died between 120 and 130 hours 

30 

17 7 

8 

Recovered 

86 

10 OS 

S 

Recovered 

39 

7 5 

8 

Died in less than 60 hours 

28 

3 4 

8 

Died in less than 48 hours 

29 

70 

1 8 

Died in less than 120 hours 

89 

7 27 

1 8 

Died in less than 40 hours 

43 

12 5 

, 8 

Died in less than 72 hours 


' 818 

1 8 

Died in less than 16 hours 

23 

| 4 % 

i 8 

Died between 48 and 60 hours 


In dogs showing severe symptoms of poisoning after either the 
subcutaneous or oral administration of methly alcohol, there is usually 
a marked reduction in the plasma bicarbonate carbon dioxid combining 
power This is well illustrated by the results obtained with Dogs 1 and 


10 Dujardin-Beaumetz and Audige Cited by Hunt’ 
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2 The alcohol was injected subcutaneously into these two dogs the 
doses being 5 and 6 cc per kilogram, respectnely Death ensued m 
both instances Prior to the injection of the alcohol, the Van Slyke test 
gave a plasma bicarbonate value of 56 and 58 c c of carbon dioxid 
per 100 cc of blood, respectively Eighteen hours latei, these \ allies 
had fallen to 43 and 45 c c , while, at the end of forty-eight hours, the 
figures were 26 and 24 c c On the other hand, Dog 3 received a 
subcutaneous dose of 7 c c of alcohol per kilogram, but failed to 
develop the severe intoxication seen in the other dogs , in keeping 
with which, the plasma bicarbonate carbon dioxid did not fall below r 
33 c c per 100 c c and soon returned toward normal This last 
animal recovered completely without treatment Figure 1 represents 
graphically the changes seen m the reserve alkali in these three dogs 



Fig 1 — Changes in reserve alkali in three dogs following subcutaneous 
injection of alcohol Dog 1 received See methyl alcohol per kg, died Dog 2, 
6 c c alcohol per kg , died Dog 3, 7 c c alcohol per kg , lived 


In a similar manner, the intensity of the symptoms and the degree 
of acidosis run parallel m Dogs 90 and 91, to whom oral doses of 
4 and 5 c c per kilogram, respectively, were given Dog 90 was not 
seriously affected, and there was a relatively small reduction in the 
plasma bicarbonate carbon dioxid On the other hand, dog 91 was 
very sick, dying on the fifth day, and her reserve alkali was corre- 
spondingly reduced Figure 2 illustrates the results seen 

Such observations as these give additional support to the view r that 
the acidosis plays an etiologic role m the production of the symptoms 
following poisoning by metljyl alcohol and serves as justification for 
the opinion that alkaline therapy is indicated here We have obtained 
evidence, hov r ever, w f hich leads us to believe that 

1 In dogs poisoned with methyl alcohol, the severity of the intoxi- 
cation is, at times, entirely at variance with the degree of acidosis 
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2 The intravenous administration of alkali is a proceduie by no 
means devoid of dangei 

3 Alkali, m the form of sodium bicarbonate, has, in itself, little 
or no influence on the course of poisoning 

PROTOCOL or EXPERIMENTS 

The following experiments may be cited in suppoit of the first 
point 

Experiment 23 — April 30 1920 Female poodle, weight, 4 95 kg 

3 34 p m , received 10 mg morplun sulphate per kilogram subcutaneously 

4 30 p m , received 10 c c methyl alcohol per kilogram orally 

May 1, 9 30 a m Very deeply unconscious and unresponsive to all ordi- 
nary stimuli 

11 49 a m Condition about the same, blood from jugular gives plasma 
bicarbonate carbon dioxid, 61 3 c c 

Dog died the night of May 2 without any improvement m symptoms 
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Fig 2 — Two dogs were given oral doses of methyl alcohol Dog 90 received 
4 cc per kg and lned Dog 91 received 5 cc per kg, and died 

Heie is an animal that leceived a dose of methyl alcohol sufficient 
to cause evidences of set ere intoxication and, eventually, death, yet 
at the end of nineteen hours, when the depression was profound, there 
was no reduction m the reserve alkali of the blood Even more strik- 
ing, howevei, is the next experiment 

Experiment 16 — April 30 1920 Female fox terrier, weight 4 8 kg 

10 52 a m, recened 10 mg morplun sulphate per kilogram subcutaneously 

11 25 a m , recened 10 cc methyl alcohol per kilogram orally 

4 40 p in Deeph unconscious Blood carbon dioxid, 66 1 c c 

4 52 p m Respiration ceases heart beats a few times and then stops 

Twelve minutes before a fatal termination, the plasma bicarbonate 
cat bon dioxid was quite high The next experiment shows that a 
reduction of the alkali leserve does not always lead to or accompam 
se\ere symptoms 
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Experimlnt 89 — Julj 24, 1920 Black female mongrel, weight, 108 kg 

11 44 a m, received 10 mg morphin sulphate per kilogram subcutaneoush 

12 02 p m Blood carbon dioxid 439 cc 

12 18 p m, received 8 cc methyl alcohol per kilogram orallj 

July 25, 10 a m Only after repeated efforts is dog able to rise to her 
feet, when she staggers around, almost falling Blood carbon dioxid, 332 c c 

July 28, 9 43 a m Dog practically normal Eats greedily and runs 
without the least evidence of unsteadiness Blood carbon dioxid, 296 cc 

July 31, 9 a m Dog seems fully normal 

July 25, the dog seemed to be severely poisoned, the plasma bicai- 
bonate carbon dioxid, in keeping with this, being reduced almost 25 
per cent Three days later, however, the visible evidences of intoxica- 
tion had entirely disappeared, in spite of the fact that the plasma 
bicarbonate carbon dioxid had undergone a still further reduction It 
is intei estmg to chart the results obtained in Experiment 89 and 
compare them with those obtained in Dog 91 In this dog, there was 



Fig 3 — Comparison of results in Dogs 91 and 86, who were given 5 and 
8 c c methyl alcohol, respectively, per kg Dog 91 died Dog 86 lived 


a steady increase in the severity of the symptoms, the dog dying on 
the fifth day, but, accompanying this, there was a rise in the reserve 
alkali This comparison is given m Figure 3 

Sodium bicarbonate is the salt generally employed in the treatment 
of acidosis While usually given by mouth or rectum, not infrequently 
it is injected mtiavenously, especially when theie seems to be uigent 
need or when, as in Harrop and Benedict’s case, vomiting occurred 
aftei its oral administration There does not seem to be any definite 
rule as to the strength of solution to be employed, or as to the amount 
that may be injected Harrop and Benedict used a 5 per cent solution, 
and in a number of instances in the literature mention is made of the 

i 

use of a solution of this strength in other conditions than the acidosis 
of methyl alcohol poisoning The amount given varies greatly Not 
mfiequently as much as a litei of a 5 per cent solution is injected 
intravenously m adults, but Harrop and Benedict used only 500 c c 
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as their maximum single injection The weight of their patient is 
not stated, but, assuming her to have been of average size, this would 
mean a dose of from 8 to- 10 c c per kilogram 

In most of our early experiments, a solution of 5 per cent strength 
was used This was made by dissolving the bicarbonate m distilled 
water or in tap water , boiling the solution for a few minutes, allowing 
it to cool and then passing carbon dioxid through it for about thirty 
minutes Twice, a solution of 10 per cent strength was used Using 
no anesthetic, the vein was not exposed, the injections of the bicar- 
bonate solution being made through the slcm into the jugular vein 
as a rule, occasionally into an ear vein Naturally, it was of impor- 
tance to avoid injury to the vessel as much as possible, because the 
production of a hematoma rendered the vein of no use for subsequent 
injections Impressed by this, we attempted to make these earlier 
injections as rapidly as practicable, using a 19 gage needle and exerting 
pressure on the fluid in the transfusion flask, so that the total amount 
was introduced in from three to eight minutes The results obtained 
by this method of treatment are given in Table 3 


TABLE 3 — Results of Treatment with 5 and 10 Per Cent Sodium 
Bicarbonate Solution, Rapid Injection 


Number of 
Experiment 

Weight in 

Kg 

Dose of 
Alcohol In O c 
per Kg 

Strength of 
Solution 
of Sodium 
Bicarbonate 

Result 

5« 

14 0 

7 

5% 

Died 


17 0 

8 


Died 

11* 

218 

8 


Died 

12* 

23 2 

8 

5% 

Died 

27 

82 

8 

5% 

Died 

32 

10 6 

8 

5% 

Died 

35 

G 1 

8 

E% 

Died 


* In these dogs, the alcohol was Injected subcutaneously, in the others it was given orally 


An experience such as this is not likely to render one enthusiastic 
over the alkaline treatment, but an analysis of the experiments dis- 
closes the probability that death was due in every instance to a toxic 
action of the bicarbonate and not due to the alcohol Of the seven 
dogs, six died immediately after the injection of the solution, and 
all showed such striking symptoms as a result of this injection, that 
it is scarcely conceivable that death was due to any other cause This 
is well shown m the following experiment 

Experiment 10 — April 26, 1920 Black and white male hound, weight, 
17 kg 

5 26 p m, received 8 cc methyl alcohol per kilogram injected subcu- 
taneously 

5 SS-S 58 p m , received 10 c c per kg of a 5 per cent sodium bicarbonate 
solution injected into the jugular No untoward symptoms 

April 27, 10 06 a m Deeply unconscious Blood carbon dioxid, 62 cc 
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11 50-11 54 a m 5 cc per kilogram of a 10 per cent sodium bicarbonate 
solution injected into the jugular No untoward sjmptoms 

April 28, 11 10 a m Condition about the same Blood carbon dioxid, 
52 6 c c 

4 12-4 14 p m 4 c c per kilogram of a 10 per cent sodium bicarbonate 
solution injected into the jugular Immediate stiffening of limbs and arching 
of back, respiration deepened and quickened, heart pulsations not palpable, 
cardiac massage and artificial respiration ineffectual 

« 

Of the remaining six dogs, five died immediately on receiving the 
sodium bicarbonate injections , one developed convulsions following the 
injection but breathed spontaneously after ten minutes of cardiac mas- 
sage and artificial respiration, only to die the following night Con- 
vulsions did not occur invariably, however, for three of the dogs 
died without manifesting them It is true, that this rapid method of 
injecting sodium bicarbonate intravenously should never be practiced 
clinically, but our results serve to emphasize anew the danger that 
may attend the intravenous injection of an alkali That convulsions 
and death may follow this procedure in dogs has already been pointed 
out by MacCallum, Lmtz, Vermilye, Leggett and Boas, 11 and the 
clinical occurience of similar manifestations has been described by 
Blum, 12 Howland and Marriott 13 and Harrop 14 It would seem natural 
to assume that the production of an “alkalosis,” to use the term of 
Wilson and his associates, 15 is responsible for the symptoms, but there 
are certain points which are not m harmony with such an hypothesis 
Thus, m our experiments, we found that the acid-base balance of the 
blood did not serve as a guide to the amount of bicarbonate which 
would be tolerated Dog 10 illustrates this, for Apnl 27, with a plasma 
bicarbonate carbon dioxid of 62 c c per 100 c c of blood, he suffered 
no apparent harm from the injection of 5 c c per kilogram of a 10 
per cent solution of sodium bicarbonate into the jugular vein, while, 
on the following day, with a reduction of the plasma bicarbonate 
carbon dioxid to 52 6 c c , 4 c c per kilogram proved fatal Likewise, 
Dog 11 withstood safely an intravenous injection of 5 c c per kilogram 
of a 10 per cent solution of sodium bicarbonate, the plasma bicarbonate 
carbon dioxid being 59 4 c c per 100 c c , but on the following day, 

11 MacCallum, Lmtz, Vermilye, Leggett and Boas The Effect of Pyloric 
Obstruction in Relation to Gastric Tetany, Bull Johns Hopkins Hosp 31 1,1920 

12 Blum Les dangers des injections intraveineuses alcalmes, Semaine med 
36 433, 1911 

13 Howland and Marriottt Observations upon the Calcium Content of the 
Blood m Infantile Tetany and upon the Effect of Treatment by Calcium, Quart 
J Med 2 289, 1917 

14 Harrop The Production of Tetanj'- by the Intravenous Infusion of 
Sodium Bicarbonate, Bull Johns Hopkins Hosp 30 62, 1919 

15 Wilson, Stearns and Janney The Effect of Acid Administration on 
Paratltyroid Tetany, J Biol Chem 21 169, 1915 
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\\ ith a plasma bicarbonate carbon clioxid reduced to 57 4 c c , a repeti- 
tion of the injection caused death 

MacCallum and his collaboiaiors observed an increase in the plasma 
bicarbonate carbon dioxid as high as 119 cc, without the appearance 
of convulsions, but the injection was made slowly and they probablv 
used an anesthetic Collip and Backus 16 also injected large amounts 
of sodium bicarbonate solution into the veins of dogs without the 
appearance of compulsions, but the same factors weie present heie 
as in the experiments of MacCallum Blum states that the occurrence 
of the symptoms may be delayed some hours after the completion of 
the injection of the alkali, which is hardly m accordance with the 
view that they are due to a sudden disturbance in the acid-base 
equilibrium The suggestion of Blum that the convulsions are the 
result of a toxic action of the sodium ion seems improbable, because 
the more readily lomzable sodium chlond does not produce convul- 
sions when injected in this manner in the form of a 5 per cent solu- 
tion, as judged by a single experiment 

To obtain information regarding the third point, namely, that 
sodium bicarbonate administered in such a way as not to cause the 
death of the animal does not markedly influence the course of the 
poisoning, two methods of procedure were adopted , first, the oral 
method of administering the bicarbonate, and second, the Intravenous 
injection at so slow a rate that a fatal outcome is avoided 

To determine the value of the orally administered alkali, four 
dogs were given 8 c c per kilogram of methyl alcohol after the pre- 
liminary injection of 10 mg morphin sulphate pel kilogram In a 
\ery short while, a 2 per cent solution of sodium bicarbonate was 
given orally, 50 c c pei kilogram Emesis occurred in only one of 
the dogs, the other three retaining all of the solution thus administered 
All four died, as shown in Table 4 

As may be seen from Table 4, treatment with the sodium bicar- 
bonate was instituted promptly and was pursued vigoiously In three 
cases, all of the bicarbonate administered was retained, emesis not 
occurring Unfortunately, however, plasma bicaibonate carbon dioxid 
determinations were not carried out on these animals, so that it cannot 
be stated positively that the alkali reserve was kept at a high level, 
as probable as this is In order to meet this objection, three dogs 
were injected with the customary dose of 10 mg morphin sulphate 
per kilogram and then given orally 8 c c of methyl alcohol per kilo- 
gram These animals were then treated by the slow 'intravenous injec- 
tion of 5 per cent solution of sodium bicarbonate, from twenty to 

16 Colhp and Backus The Alkali Resene of the Blood Plasma, Spinal 
Fluid and Lymph, Am T Phjsiol 51 551, 1920 
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ninety minutes being consumed for the injection of the close of 2 ; 
cc per kilogiam Vomiting, purging, and mild comulsions occurred 
but, on the appeal ance of such symptoms, the injection was immediateh 
discontinued temporarily, so that death was not caused by the injection 
m any instance that we could determine Thiee of the four animals 
succumbed, one of these showung a plasma bicarbonate carbon dioxul 
value of 60 7 cc shoitly before death The results are shown m 
Table 5 


TABLE 4 — Risults oi Oral Administration or Sodium Bicarronatf 


Number of 
Lxperiment 

Weight of Dog 
in Kg 

Dose of 
Alcohol in 

C c per 

Kg 

Lnpse 

Before 

Treatment, 

Min 

Amount of 
Sodium 
Bicarbonate 
per Gm in 

24 Hours, 

Gm 

Length of 
Survi\al' 

56 

12 5 

S 

88 

4 5 

24 hours 

56 a 

8 63 

8 

75 

50 

2-. nours 

57 

5 68 

8 

59 

GO 

96 hour® 

58 

909 

8 

58 

2 5 

48 hours 


* In every instance, death had occurred some time prior to this, the animals were found 
dead at the expiration of the time ghen It is interesting to note that the animal sunning 
longest (57) vomited frequently and profuselj 


TABLE 5 — Results from Slow Intravenous Injection 
of 5 Per Cent Sodium Bicarbonate 


! 

Number of 
Fxpeument 

Weight of Dog 
in Kg 

1 

Dose of 
Alcohol in 

0 c per 

Kg 

Lapse 

Before 

Treatment, 

Min 

, 

1 

Amount of 
Sodium 
Bicarbonate , 
perGm in 

24 Hours, 

Gm 

Length of 

Sun 15 a 1 

65 

57 

8 

339 

1 25 

96 hours 

67 i 

98 

8 

50 

1 25 

Recovered 

68 

7 0 

8 

250 

1 25 

72 hours 


/ 


Fiom these experiments that we have carried out on dogs, it is 
appaient that the resistance of these animals to the poisonous action 
of methyl alcohol is quite variable, but that the majority will succumb 
to a subcutaneous oi oial dose of 8 c c per kilogram This is in 
fanly close agieement with the lesults pievious w'orkers have obtained, 
the “almost always” fatal dose being placed by them a little higher 
It must be remembered that there is the possibility of a seasonal 
variation in the lesistance, but this factor is unimportant m the present 
study, foi all of the experiments were carried out at the same season 
While theie is a i eduction of the leserve alkali of the blood, as 
determined by the Van Slyke-Cullen method, in most of the animals 
examined, this is not imariably the case, and the reduction is by no 
means always commensurate with the sevent) of the sjmptoms A 
maiked l eduction may occm in a dog showung only slight eudence of 
intoxication while the ie\eise i^ occasionally seen an animal sue- 
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cumbmg to the fatal action of the alcohol and yet preserving a normal 
alkali reserve 

The rapid method employed by us in administering the bicarbonate 
is, we grant, entirely unlike the method of administration that would 
be employed on a human patient, nevertheless, we feel that the dis- 
astrous results obtained by it should serve as a warning against the 
too ready use of intravenous injections of hypertonic solutions of 
sodium bicarbonate 

Attractive as it is m theory, the results we have obtained by the 
use of alkaline therapy in the treatment of methyl alcohol poisoning 17 
are not encouraging It is interesting to note that Davis and Whipple 1S 
were similarly unsuccessful in the employment of sodium carbonate 
in the treatment of delayed chloroform poisoning 

17 Gettler and St George Wood Alcohol Poisoning, J A M A 70 
145 (Jan 19) 1918 

18 Davis and Whipple The Influence of Drugs and Chemical Agents on 
the Liver Necrosis of Chloroform Anesthesia, Arch Int Med 23 636 (June) 
1919 
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I X TROD l CTIOX* 

Until about the middle of the nineteenth ctntun no ob-er\ ,ition<* 
as to the total blood mass m the human body were piesented In cither 
clinicians or physiologists In 1854, Welcker 1 attempted to determine 
the quantity of blood in the bodies of two criminals b> mean's of a 
washing out method, and he established as normal the figure of 
of the body w r eight, which has remained the standaid commonh 
adopted up to the present time E\en today, after a considerable 
series of investigations of this problem by various w r orkeis. figures 
given for the total blood volume in man are approximate and not 
absolute The results usually quoted vary from y J0 to 3 /»i of the bode 
weight This unceitainly icgardmg the actual amount of circulating 
blood is largely due to technical difficulties Clinical methods foi 
determining the blood volume now available, how r e\er. weld result*- 
consistent enough to furnish a figure approximating the ti uc \olumc 
and to afford data from which relative changes m the blood mass may be 
determined 

It is the purpose of this paper to show that the plasma \olume m 
man, in conti adistinction to the total blood e olume, tends to be a 
physiologic constant, except undei certain stated conditions 1 lie e\ i- 
dence consists of data obtained by blood volume determinations m 
five normal and tw r enty-fi\e abnormal mdiwduals With reference to 
changes in the blood, the latter cases include examples of extreme 
variations in total blood \olume, corpuscle content, and so forth 

METHOD 

The total mass of cn dilating blood ma\ be determined by a milliner 
of indirect methods Foi iccent reviews of these, reference mat ne 
made to the papers of Keith, Rowntree and Geraght) : and Snhc-en 

* From the Medical Clime of the Massachusetts General Hospital Ilm 
is Study 6 of a scries of studies of the phjsiologv and pathologv of the hK-od 
from the Harvard Medical School and allied hospital' 

1 Welcker H Pragcr Vrtljschr 4 145, 1854 

2 Kicth, N M , Rowntree, L G, and Geraght} T T \rch Int Med 
16 547 (Nov ) 1915 

3 Sahesen, H J Biol Chem 40 109, 1919 
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The vital red method was used foi the present study In pi inciple 
it consists in the colorimetric detei mmation of the dilution m the 
plasma of a known amount of a dye, vital led, which has been injected 
intravenously and allowed to circulate for a period of four minutes, 
when the sample of blood lequired for the determination is withdrawn 
Having obtained the plasma volume in tins manner, the total volume 
may be calculated from the proportion of corpuscles to plasma as 
shown by the hematocrit 

Remarkably constant results have been obtained with this method 
m man by Keith, Rowntree and Gei aghty, the total blood mass measur- 
mg % i4 of the body weight m a series of eighteen normal men 2 
The same method as modified and used m dogs by Dawson, Evans 
and Whipple, 4 5 6 and the acacia method of Meek and Gasser, D show close 
agreement with each other, and the values reported by these observers 
for normal dogs pei kilogram of body weight approximate those found 
m man 

Total blood volume detei mmations have also been made in a vanety 
of conditions with the carbon monoxid method, a method which in 
the hands of Haldane and Smith 0 gave values ranging fiom % 0 to 
Yie of the body weight in fourteen cases examined The value Mo 
was obtained in a patient of an extremely obese type Later, Haldane 
and Douglas 7 made repeated observations with the carbon monoxid 
method on each other and found a mean value for the total blood 
volume fiom which variations' did not exceed 8 per cent, in excess 
or deficiency, except m one instance for each subject Salvesen 3 
obtained an average value for normal men of 8 of the body weight, 
and Plesch 8 9 found Ms as an average value in four cases with the 
same method In anemic conditions Lorrain Smith 0 found values m 
chlorosis of % 2 °f the body weight and % 9 for pernicious anemia, 
volumes which represent enormous increases ovei the values obtained 
for normals by the carbon monoxid method Finally, Douglas 10 
secured constant results in rabbits which agreed closely with the 
Welcker method, approximating of the body weight in male animals 

The chffeience in results between the vital red and carbon monoxid 
methods is not easily explained, but an important consideration con- 
cerning it will be found at the end of this paper The variability in 

4 Dawson, A B , Evans, H M , and Whipple, G H Am J Physiol 
51 232 1920 

5 Meek, W J and Gasser, H S Am J Physiol 47 302, 1918 

6 Haldane, J S and Smith, J L J Physiol 25 331, 1900 

7 Douglas, C G , Haldane, J S , Henderson, Y , and Schneider, E C 

Phil Tr Roy Soc , London, Series B, 203 195 

8 Plesch, T Ztschr f Exper Path 11 Therap 6 380, 1909 

9 Smith T L Proc Physiol Soc Dec 9 1899 p 6 

10 Douglas C G J Phjsiol 33 493. 1906 
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results with tile carbon mnnoxul mcjiod mu U i imi ,>p; r< (>l 4 ,, 
real, as Bo} colt 11 suggest but it s tC m- prom bit tint L i ' 1 ’* 
generally accepted for the blood xolifme n anemia l>>»ui «.i ^m,d - 
figures, are too great as max be seen b) results m <imila- *, si- (piop r > 
here 

Thcie remains to be mentioned the conception of Drcxu and K u 
that the volume of the blood in mammals is direct!} pronortiona 1 to tie 
surface area of the body The) behexe that the praei ee of expres-mg 
blood xolume as a pci cent of bod) weight is erromous >nd mis- 
leading, and that it should be expressed in the formula B \ -- 
m which Iv is a constant which must be worked out foi each spent* 
The formula lias recently been extended to application in m m and 
used by Bazett 1 in detei mining the amount of blood lost in oper.itixc 
procedures As adopted for man the formula is B V — ILA.-L Ibis 
formula yields a blood volume m man equnalent to approximatel) 
V<\ t of the body w eight, a highei figure than has been obtained In 
an) of the other methods 

RESULTS IX NORM \L I\P1\ IIH \LS 

It is unfortunate that more figures concerning the blood plasma 
\olume in normal men are not axailable At present, m addition to 
the data presented here, the figures of Keith Row ntrec and Gcrughlx 2 
alone may be refeired to 

In Table 1 are presented the data of the fixe normal indixiduals 
in this series 14 The total xolume is % > ^ or S 7 per cent of the hod) 
x\ eight, as compared xxith SS per cent as found in the series of Keith, 
Roxvntree and Geraghty The axerage plasma xolume expressed as 
a fraction of the body xxeight is ^ c , or n 1 per cent xxluch agues 
closely xxith the figure of ^ m the aboxe scries Data of this txpe 
as well as that obtained in animals by the x ital red method 4 rex t al 
only slight xanations in the plasma xolume m normal indixiduals pci 
kilogram of bod) xxeight An mx estigation bx Bogert Underbid and 
Mendel 1 ' concerning the regulation of the blood xolume after inten- 
tions of sal ne solutions leads to the same conclusion 

11 Boccott, \ C 1 Path & Bactenol 16 485 1911 

12 Drexer G and Rax \\ Phil 1 r Ro\ Soc London 201 359 l*>m 

13 Bazett M C Medical Research Committee Wound "shock and n- 
orrhage Report 5 1919 

14 It must he emphasized again that the figures pre-erntd in tin tables m 
this paper are not put forward as absolute xalues Their xahic lits -ather m 
the consistence of results obtained with the wtal red method ano hex ofTt- 
a working basis for problems concerned with blood xolume The xit"l red 
method and modifications of it arc the onlx methods axaibhle bx when the 
plasma xolume is direct!} estimated 

15 Bocert L T Underhill, F P, ano Mendel I. P> Am 1 Pm- <4 
41 1S9 1936 



86 


ARCHIVES OF INTERNAL MEDICINE 


RESULTS IN POLYCYTHEMIA 

In thiee cases of polycythemia vera, as shown m Table 2, the 
average total volume is 13 2 per cent , or % 3 of the body weight, the 
increase above the normal figure (approximately % 2 ) being entirely 
due to the great increase in the total number of corpuscles which 
average 2 5 times the number found in normal men The plasma 
fraction of the body weight varied from % c 2 to Y 21 2 , the average 
being Yx 9 3 Thus, while the plasma volume in polycythemia is the 
same as in normal individuals, the total blood per kilogram, m the 
cases studied, averages 47 c c more than in the noimal The rela- 
tively high plasma volume in Case 8 is difficult to explain This 
patient had had a long course of treatment with radium and the 
roentgen ray 

RESULTS IN PERNICIOUS ANEMIA 

The seven cases of pernicious anemia have an average plasma vol- 
ume of 4 9 per cent , or % o 5 of the body weight, and a total volume 
of 5 7 per cent , or Yn 3 of the body weight (Table 3) The first 
four cases, with hemoglobin values ranging from 43 to 59, per cent , 
have plasma volumes averaging 5 4 per cent , or %§ 5 of the body 
weight Cases 13 and 14 have an average plasma volume of 4 per 
cent , or % 5 of the body weight It will be observed that m each of 
these cases the hemoglobin is below 30 per cent , which may account 
for the low plasma volumes The condition seems to parallel that 
found after severe hemorrhage 16 The last case, with a relatively 
high hemoglobin and high count of red corpuscles, has a plasma 
volume of 5 1 per cent , or %9 4 of the body weight It is apparent, 
therefore, that but little variation occurs in the plasma volume in pri- 
mary anemia The reduction in the total volume of blood in cases with 
hemoglobin above 30 per cent is due entirely to the low content of 
corpuscles The average volume of corpuscles is % of that found 
for normals and Yl 3 of the number in polycythemia A total mass 
of 270 c c of corpuscles, as in Case 8, contrasts greatly with the usual 
quantity of about 2,000 c c found in the normal 

RESULTS IN MISCELLANEOUS CASES 

The group of miscellaneous cases includes one case (Case 22) 
of cardiac failure of the congestion type, with anasarca, and two 
cases (Cases 16 and 17) of chronic nephritis with extensive edema 
The average results presented m Table 4 show,'so far as the plasma 
is concerned, a remarkably small deviation from the normal The 
average plasma value is 4 9 per cent , or % 0 3 of the body weight 

16 Robertson, O H , and Bock, A V J Exper M 29 139, 1919 



TABLE 1 — Data tor Five Normal Individuals * 


Total 
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Consideration of the fact that the method used in detei mining the 
plasma volume and the complex nature of the pioblem itself leads 
to the conclusion that the results in these cases are quite identical 
with those found in the normal It is to be noted again that the 
smaller total volume of 7 1 per cent , or % 4 of the body weight, 
is due to the diminished volume of corpuscles associated with the 
anemia present m some of the cases 

RESULTS IN DIABETES MELLITUS 

Eight cases of diabetes mellitus afford an interesting study which 
will be made the subject of a later report For the purpose of this 
paper it is important, only, to point to the average results as shown 
in Table 5 The average plasma value per kilo is 48 c c , 4 8 per 
cent , or % 0 s of the body weight The variations of plasma volume 
in individual cases are greater than were found in other conditions, 
but the geneial average for the plasma volume in diabetes is close 
to the normal Notwithstanding this fact, the problem of the plasma 
volume in diabetes, particularly during the stage of severe acidosis, 
remains to be worked out 

THE EFFECT 01 EDEMA ON THE PLASMA VOLUME 

It is the prevailing view m the literature that rapid alterations m 
body weight due to the water content of the body are associated with 
changes in the blood volume With sudden increase m weight of 
the body the blood is said to become hydremic and with sudden losses 
it becomes more concentrated 17 For example, Krehl 18 states that 
there is no reason why the blood should not become edematous as 
well as other tissues He believes that a 1 eal hydremic plethora accom- 
panies cardiac and renal diseases, and thinks there is no leason a 
prion why an increase m the total quantity of blood should not take 
place Von Noorden, 19 on the other hand, after reviewing similar 
considerations, concludes that one cannot be certain of such a plethora 
because of the little certain knowledge of the watery content of the 
blood 

While it is possible that hydremia or hydremic plethora, as it is 
usually called, may be present in some conditions, it certainly is not 
found in the usual course of events, and its occurrence must be 
regarded as infrequent except possibly as a terminal affair In Table 
6 is presented evidence in three cases of edema to show that the 
relation of the blood plasma to the body weight remains undisturbed in 
such conditions In Case 16, a chronic glomerulonephritis m a girl, 

17 Barker, L F Monographic Medicine 1 561, 1916 

18 Krehl, L Clinical Pathology, Ed 2, 1907, p 172 

19 Von Noorden, C Metabolism and Practical Medicine 2 1907 
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aged 16, after a loss of 13 5 kg in weight and disappearance of all 
visible edema, the plasma volume per kilogram of body weight remained 
unchanged No attempt is made to explain the relatively low plasma 
volume in this patient, who also suffered from a severe anemia In 
Case 28, diabetes melhtus in a boy, aged 17, after the addition of 
4 kg in weight while on a forced fluid and increased salt intake, there 
was essentially no alteration in the plasma volume per kilogram of 
weight In Case 22, a man, aged 75, with cardiac failure of the 
congestion type, and with anasarca at the time of the first observation, 
the figuies show an apparent change m plasma volume, which, how- 
ever, is only 8 per cent and is within the margin of error. Keith, 
Rowntree and Geraghty 2 found similar results in a case of nephritis 
with edema 

Boycott 20 found that the edema which may be brought about by 
the administration of water to animals with uranium nephritis involved 
the blood as well as the rest of the tissues The blood dilution, 
determined by changes in hemoglobin, in such animals was associated 
with fluid in the pleural and peritoneal cavities and with edema of 
the loose connective tissue in general The effect on the blood volume 
of intravenous injection of dextrose and of sodium chlond was found 
to be more prolonged m nephritic than in normal rabbits 21 It is 
possible that in man the edema associated with acute nephritis might 
be reflected for a time in dilution of the blood plasma, but in sub- 
acute and chronic conditions the body adjustments seem to compensate 
for the disturbance in fluid balance, and the blood does not share in 
the general edema of the tissues 

A recent theory by McLean 22 concerning the mechanism of edema 
is worthy of note in the present discussion The usual idea of edema 
is that the excess fluid represents an accumulation of fluid in the body, 
a process static in nature McLean points out that the condition cannot 
be static in nature but that there must be a constant interchange of 
fluid and dissolved substances in edema as well as under normal con- 
ditions between the blood, tissue fluids, and contents of lymph chan- 
nels in order to maintain cellular life The condition must be regarded 
as an equilibrium, as Meltzer has also suggested As the plasma vol- 
ume determinations m cases of edema presented above have indicated, 
there is no shift of increased fluid into the blood in edema, but the 
balance between plasma and tissue fluids is maintained through such 
an interchange of fluid and dissolved substances as to maintain the 
fluid phase of the blood at about its normal level 

A summary of the above data is presented in Table 7 

20 Boycott, A E J Path & Bacteriol 18 11, 1913 

21 Boycott, A E, and Douglas, C G J Path & Bacteriol 19 221, 1914 

22 McLean, F C Personal communication 
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THE EFrECT Or HEMORRHAGE ON THE PLASMA VOLUME 

Acute hemorrhage results m an immediate mechanical reduction of 
the total blood volume If the hemorrhage is not too great, and if a 
leserve supply of tissue fluids is available, a flow of fluids from the 
tissue spaces into the circulation occurs during the process of hemor- 
rhage so that the blood plasma may be diluted to its normal level 
as rapidly as possible In a case of controlled hemorrhage four con- 
ditions may prevent a return of the plasma volume to normal (lj 
lack of adequate fluid reserve in the tissues, as was found frequently 



Fig 1 — This chart is constructed from data published by Robertson, and 
Bock, their Case 4, to show the rapid recovery of the plasma volume to nor- 
mal after hemorrhage, and the gradual restoration of the total blood volume 

in soldiers wounded m action, (2) lack of adequate fluid intake by 
the alimentary tract , (3) a state of shock which in some degree always 
accompanies model ate and severe hemorrhage and in which the regu- 
lation of fluid balance between the blood and tissue fluids is disturbed , 
(4) a reduction in total hemoglobin below 25 per cent , as was shown 
b) Robertson and Bock 10 In the last condition, as long as the hemo- 
globin remains at or below 25 per cent , the plasma volume will remain 
below' normal and no knowm measures can change this condition except 
the addition of more hemoglobin If none of the four conditions abo\ e 
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named are present, the plasma tends to assume normal propoitions 
m a comparatively short time and will then remain at the level normal 
for the given individual The total blood volume, however, will 
remain below normal until the processes of blood regeneration have 
lestored the normal quantity of corpuscles Figure 1, constructed from 
Case 4, of Robertson and Bock, illustrates this mechanism of recovery 
m a case of severe hemorrhage With a hemoglobin value of 24 per 
cent , the plasma remained at 2,600 c c Accompanying a rise in 
hemoglobin to 33 per cent the plasma increased to 3,113 cc Two 
days later the hemoglobin was 38 per cent and the plasma 3,180 c c 
Nine days later, when the hemoglobin had reached 45 per cent , the 
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Fig 2 — Also from Robertson and Bock, their Case 5, showing the constant 
level of the plasma \olume as the total volume increases by the addition of 
red corpuscles 


plasma was 3,338 c c and the total volume had increased 1,300 c c since 
the original observation Figure 2, Case 5, also from the same 
authors, shows a reduced plasma of 2,856 c c as a result of a hemor- 
rhage which was brought up to normal by transfusion Subsequent 
determinations show approximately no change m the figures The 
total volume increased 650 c c 

Figure 3 is the lecord of a case showing leaction following hemor- 
rhage from a gastric ulcer The first observation was made approxi- 
mately twelve hours from the time hemorrhage apparently stopped 
The plasma cuive as represented shows the plasma reduction at once 
after hemorrhage and after dilution to the usual level for this patient 
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No further change m plasma volume occurred although the total 
blood volume steadily increased by reason of the addition of new 
red corpuscles 

Figure 4 represents the findings m another case of gastric ulcer, 
the observations beginning three days after hemorrhage had ceased 
and at a time when the plasma had already reached a normal level 
by dilution The patient was transfused -.because of the low hemo- 
globin figure of 32 per cent The plasma volume prior to transfusion 
was 2,685 c c , and subsequent determinations showed very little change 
from this figure 

As a result of experimental hemorrhage in animals, it has fre- 
quently been reported that overdilution of the blood occurs by absorp- 



Fig 3 — Showing the reaction of the blood following hemorrhage from a 
gastric ulcer, observations beginning twelve hours after the hemorrhage stopped 
The plasma volume after dilution to normal, remains constant Incidentally, 
this case illustrates a falling color index often seen m blood regeneration 
after hemorrhage 

tion of fluid from the tissues with the result that the total volume 
immediately subsequent to the absorption period is greater than before 
the hemorrhage occurred For a discussion of this question reference 
may be made to the work of Boycott and Douglas 23 Observation of 
the reaction from hemorrhage in man has failed to show that over- 
dilution takes place and it may be said that this condition does not 
occur under the conditions which usually obtain It should be under- 
stood that the blood volume determinations referred to m the work 
of Boycott and Douglas are “relative blood volumes” in the sense 


23 Boycott, A E , and Douglas, C G J Path & Bacteriol 13 256, 1908 
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that they are calculated from changes in the hemoglobin Actual 
blood volume determinations made under the same experimental con- 
ditions employed by these authors would be interesting 

CHANGES IN THE PLASMA VOLUME IN CERTAIN CLINICAL 

CONDITIONS 

While increase or reduction in the plasma volume does not occur 
in disease to any great degree, certain conditions are associated with 
concentration or loss of blood which remain to be mentioned, since 
they constitute exceptions to the general rule The exceptions are 



Fig 4 — Observations begun three days after hemorrhage from gastric 
ulcer Initial dilution of plasma to normal had already occurred The effect 
of transfusion in this case on the plasma volume is negative, whereas the 
hemoglobin increased from 32 to 53 per cent 

concerned with conditions in which there is great fluid loss either 
directly from the circulation or through a more gradual loss of the 
body reserve fluid Aside from acute hemorrhage and shock already 
mentioned, such conditions as acute edema of the lungs, excessive 
sweating, and diarrhea of severe type as seen m infants and m 
Asiatic cholera are outstanding examples Cunningham 24 observed 
a patient having edema of the lungs, m whom the oxygen capacity of 

24 Cunningham, T D ( Personal communication r 
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the blood at the height of the attack was 25 volumes per cent as 
compared to the man’s normal oxygen capacity of 19 \olumes per 
cent Such a change in the oxygen capacity per unit volume of blood, 
occurring m a short time, suggests extensive contraction of the plasma 
volume This finding is in agreement with experimental work on 
the effects of poison gas in rabbits by Haldane, Meakins and Priest- 
ley 23 They found, at necropsy, extensive edema of the lungs which was 
belie\ed to be associated with a corresponding depletion of the blood 
plasma 

Many observers have reported changes in the peripheral blood indi- 
cating concentration as a result of great sweating incident to work 
and exercise No blood volume determinations are reported in such 
conditions except by Schneider and Havens 26 These workers found 
the usual changes in the penpheial blood, notable increase in 'the 
percentage of hemoglobin, red corpuscle count and rise m specific 
gravity, which have been observed by others repeatedly They also 
found, however, that abdominal massage foi a brief period increased 
the number of red blood cells in the peripheral blood in about the 
same proportions as occurred after vigorous exercise The logical 
deduction that they make is that a reserve store of corpuscles is piesent 
in the splanchnic area during comparative inaction which is called 
into the circulation by exercise They found no alteration in the 
blood volume by the carbon monoxid method Some doubt may, 
theiefore be entertained concerning fluctuations of the plasma volume 
under conditions of work and exercise 

The dehydration of the body fluids as a result of diarrhea and 
cholera is well known to clinicians Marriott 27 has recently called 
attention to a condition in infants in which he described changes in 
the blood which simulate those found in hemorrhage and shock The 
thickness of the blood m cholera requires little comment In this 
condition dehydration of the tissues proceeds to an extreme state in 
an effort to meet the requirements of the blood plasma but concentra- 
tion of the blood inevitably occurs 

The effect of altitude on the total blood volume has also been 
studied in both man and animals The results in man indicate that 
the final alterations consist in a variable increase of red corpuscles 
and a slight increase in the total blood volume Douglas, Haldane, 
Henderson and Schneider 7 report an additional increase m the blood 
\ olume after descent from Pike’s Peak, and offer as an explanation 

25 Haldane, J S , Meakins, J C , and Priestley, J G Personal communi- 
cation from J C Meakins 

26 Schneider, E C, and Havens, L C Am J Physiol 36 239, 1915 

27 Marriott W McK Paper read before Am Soc for Clin Imestigation 
1919 
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a probable dilution of the blood plasma in order to decrease the \is- 
cosity of blood in which polycythemia had occurred as a lesult of 
residence at the summit of Pike’s Peak Such an interpretation does 
not coincide with piesent findings in cases of polycythemia vera in 
which the problem of viscosity is not adjusted by an increase in the 
plasma volume Whatever the mechanism of adjustment may be, it 
is certain that such changes in volume are temporary in persons who 
have resumed residence at the usual altitudes 

In the present discussion may be included a condition of another 
type, namely obesity, in which there is known to be a 1 eduction m 
the total blood volume Haldane and Smith 6 report one case of 
extreme obesity having a volume of %o of the body weight Keith 
Rowntree and Geraghty 2 present six cases having an average plasma 
volume of 37 1 c c per kilogram, or 3 8 per cent of the body weight 
There is no evidence that fluctuations in the plasma volume occui m 
this condition 

discussion 

In i elation to the present series of cases, certain additional lesults 
in the work of Keith Rowntree and Geraghty 2 should be mentioned 
They found an mci eased blood volume in the latter months of preg- 
nancy m twelve cases The average blood volume was 9 56 per cent 
and the average plasma volume 5 7 per cent After labor the blood 
volume was 9 per cent and the plasma volume 4 9 per cent of the 
body weight Such lesults are in accord with 'volume findings in 
pregnancy m animals, but the increase found in women cannot be 
considered very great and Williams 28 has attached very little sig- 
nificance to it 

With respect to anemia, m ten cases they found three with abnor- 
mally high plasma volumes and m six the plasma values were con- 
sidered slightly higher than normal The average in eight cases was 
56 c c per kilogram of body weight Of three cases t>f pernicious 
anemia, two were found to have normal plasma values, 54 c c and 
53 c c per kilogram, while the third had 72 c c It is difficult to 
harmonize the finding of such a high plasma volume in anemia At 
variance also with the results obtained in anemia m the present series 
is the work of Lorram Smith, 9 who found that in chlorosis and m 
pernicious anemia the blood volume is gieatly increased For a 
patient with chlorosis weighing 44 5 kg the volume found was 6,181 
c c , or 139 cc per kilogiam of body weight In a case of pernicious 
anemia the total volume found was 6,500 c c , or 112 c c per kilogram 

28 Williams, J W Contributions to Medical and Biological Research 
Dedicated to Sir William Osier 2 1238, 1919 
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In each instance the volume is comparable only to that found in 
polycythemia In the case of chlorosis the total oxygen capacity was 
418 c c , which is not unlike that of Case 20 of the present series, 
a patient having secondary anemia of chlorotic type, whose oxygen 
capacity was 476 c c and whose total volume was 4,473 c c , or 74 
c c per kilogram Likewise the case of pernicious anemia reported 
by Smith, with a total oxygen capacity of 195 c c , may be compared 
to Case 12 of the present series, m which the total oxygen capacity 
was 266 4 c c and the total volume was 3,066 c c , or 61 c c per 
kilogram The results of the present investigation indicate that the 
blood volume is diminished m anemia in direct proportion to the 
decrease in corpuscles 

Of the other conditions reported by Keith, Rowntree and Ger- 
aghty, plasma values on the lower limit of normal were found as an 
average result in thirteen cases of chronic nephritis and hypertension, 
the average plasma volume being 42 8 c c per kilogram In scattered 
cases of diabetes emaciation, myocardial insufficiency, aneurysm of 
the arch, chronic bronchitis, neurasthenia, and so forth, the plasma 
values were within the normal range 

It is important to remember that in conditions of chronic anemia, 
for example, no device exists for increasing the fluid volume of the 
blood beyond the level already attained by the patient, providing a 
normal tissue fluid reserve is present Every such patient who has 
even a moderate fluid intake daily will have an optimum total blood 
plasma Lmdeman 29 supposed that by forcing food and fluids in 
cases of pernicious anemia the blood volume was thereby increased 
He wrote that a patient with a large blood volume will bear a greater 
degree of anemia without experiencing palpitation of the heart or 
roaring in the ears When the blood volume is small he thought 
that a less degree of anemia would produce a greater degree of exhaus- 
tion These assumptions have not been confirmed When symptoms 
are present m such cases the need is for more hemoglobin, which is 
the only factor that will bring relief 

Finally, a suggestion may be made concerning the relative values 
of blood volume methods There is a belief that dilution of the 
blood as shown by changes m the hemoglobin percentage is a reliable 
method of studying blood volume changes Bogert, Underhill and 
Mendel 15 recently emphasized the constancy of the hemoglobin per 
unit of circulating blood, and Scott 30 concluded that large masses of 
corpuscles are not held m the capillaries of any organ The work of 

29 Lmdeman, E J A M A 70 1292 (May 4) 1918 

30 Scott, F H J Physiol 50 157, 1916 
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Schneider and Havens 26 and of Lamson, 31 however, indicates that 
such a storage of large numbers of red cells does occur m the body 
and that they may readily be shifted into the peripheral circulation 
as, for example, by exercise or by administration of epmephrm Clin- 
ical observation has shown that great shifts may occur m the red 
corpuscle count m diabetics m short periods of time It seems, there- 
fore, in view of the present uncertain status of our knowledge with 
respect to the existence of red corpuscle reservoirs, that methods for 
the determination of blood volume which depend on dilution of whole 
blood, as well as any other methods employing the red corpuscles 
primarily, are not theoretically sound And when one reviews the 
possible variations in the total corpuscle content of the body, which 
in this series ranged from two trillions to seventy-five trillions, the 
possibility for error m such methods is obvious On the other hand, 
the plasma volume is relatively a fixed constant, its fluctuations must 
be limited to a very narrow range and, therefore, methods by which 
the plasma volume can be directly determined seem to be subject to 
the smallest number of discrepancies and afford the most accurate 
results 

Theoretically, there is a mass of data, chiefly physicochemical in 
nature, that suggests the necessity for a stable plasma volume The 
physicochemical relations existing between the blood and tissues of 
the body form a series of complex phenomena that is disturbed only 
with difficulty, the effort of the organism, as a whole, is to seek an 
equilibrium between plasma and cells, although, as Henderson 32 pointed 
out, equilibrium is never actually attained within the organism It 
seems reasonable to suggest that the plasma volume must be free 
from great alterations from the normal, in quantity, if cellular activity 
is to proceed at an optimum rate While absolute fixation of the 
plasma volume cannot occur m the nature of things, the considerations 
reviewed above indicate only a narrow range for the volume changes 
which may occur 

SUMMARY 

Plasma and total blood volume determinations have been made by 
the vital red method in a series of thirty cases - The conditions repre- 
sented in these patients include extremes of total corpuscle content, 
a very wide range m total blood volumes, and instances of edema and 
anasarca It has been shown that in all of these conditions, so long 
as the hemoglobin is above 30 per cent , there is a constancy of plasma 
volume comparable to the normal The significance of this phenom- 

j 31 Lamson, P J Pharmacol & Exper Therap 7 169, 1915 

32 Henderson, L J Nat Acad Sc 2 1916 
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enon is great, since it shows that variations in the total blood volume, 
per kilogram of body weight, depend on the corpuscle content, except 
in patients with very low hemoglobin values m whom there is also 
a corresponding reduction of the plasma volume Thus it happens that 
in a case of polycythemia with a total corpuscle content of seventy- 
five trillion there may be the same plasma volume per kilogram as 
is found m a case of pernicious anemia with a total corpuscle content 
of thiee trillion cells In this connection attention has been called to 
the universally accepted high figures for blood volume in pernicious 
anemia and chlorosis, which vary greatly from present known and 
theoretical consideiations 

After acute hemorrhage it has been shown that, oidmarily, rapid 
dilution of the plasma volume to its former normal level occuis and 
that it remains constant thereafter, even though the total blood volume 
may be much 1 educed by reason of loss of red corpuscles 

Certain exceptions to the general proposition of a constant plasma 
volume have been cited, such as hemorrhage and shock, edema of the 
lungs, excessive sweating and diarrhea of severe type, including cholera 
Brief mention has also been made of alterations in blood volume 
incident to changes m altitude 

Emphasis has been placed on the necessity for a normal tissue 
fluid reserve When such a reserve is pi esent the blood plasma volume 
tends to remain at a normal physiologic level 

Finally, a note has been made suggesting a source of erior in 
methods for blood volume determinations that depend on dilutions of 
whole blood, or primarily upon the corpuscle content Methods by 
which the moie fixed plasma volume may be directly determined seem 
to oftei the most accurate results 

CONCLUSIONS 

1 The constancy of the plasma volume in terms of body weight 
m health has been demonstrated by previous work and is verified in 
five cases of the present series The value is % o 6> or 5 1 per cent 
of body weight 

2 The constancy of the plasma volume found in twenty-five cases 
of widely varying conditions with respect to the circulation, including 
edema, is a striking fact The value for this series is % o> or 5 per 
cent of the body weight 

3 Variations m the total blood volume per kilogram of body weight 
are due for the most part to changes m the corpuscle content of the 
blood 
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4 Previous figures quoted in the literature for the blood volume 
m pernicious anemia and chlorosis are too high 

5 In edema associated with cardiac and renal disease the blood 
plasma retains its normal value per kilogram of body weight 

6 Recovery after hemorrhage is associated with rapid restoration 
of plasma to the normal plasma level provided the tissue fluid reserve 
is adequate Complete lestoration of the total blood volume is depen- 
dent on increase in the number of corpuscles Overdilution of the 
plasma after hemorrhage has not been encountered 




HEREDITARY HEMORRHAGIC TELANGIECTASIA WITH 
RECURRING (FAMILIAL) HEREDITARY 
EPISTAXIS 


WITH A REPORT OF ELEVEN CASES IN ONE FAMILY Y 


HYMAN I GOLDSTEIN, MD 

CAMDEN, N J 

This rare affection of the skin and mucous membranes of the 
nose and mouth, which may involve also the cheeks, ears, tongue, lips, 
fingers and other parts of the body, is associated with recurring epis- 
taxis of the familial type In one of my cases, hemorrhage m the 
brain occurred, causing temporary hemiplegia and other symptoms of 
apoplexy I have been able to find only thirty case reports Steiner 1 
found twenty-eight, including three of his own Osier, m one of the 
best contributions to the subject, 2 reported three cases, and at that 
time (1901) he could find only one reference to a similar case, reported 
by Rendu 3 Six years later, Osier 4 reported an additional case 
However, he overlooked the cases reported by Chiai l 5 and by J W 
Legg° Only eight cases were found by A Brown Kelly, 7 and he 
reported two cases of his own None of the numerous works on 
dermatology, rhinology or medicine mention this condition Hart- 
zell 8 speaks of “inherited hemorrhagic telangiectasis,” and also makes 
reference to papers by Hyde, 0 Crocker, 10 Mandelbaum, 11 Osier, Gjes- 
smg, 12 Hutchinson, 13 Stokes 14 and Majocchi 15 on telangiectases 
Among the most striking characteristics of this disease is the 
tendency to affect moie than one member of a family, and the marked 


* Read before the Northern Medical Association of Philadelphia, Pa , Oct 8, 
1920, and the Camden City Medical Society, Camden, N J 

1 Steiner, W R Arch Int Med 19 194 (Feb IS) 1917 

2 Osier, W Johns Hopkins Hosp Bull 12 333, 1901 

3 Rendu Gaz d Hop 49 1322, 1896 

4 Osier, W Johns Hopkins Hosp Bull 18 401, 1907 Id Quart J Med 
1 S3, 1907 

5 Chiari, O Erfahrungen auf dem Gebiete der Hals-und-Nasenkrank- 
heiten, Vienna, 1887, p 60 

6 Legg, J W Lancet 2 856, 1876 

7 Kelly, A B Glasgow M J 65 411, 1906 
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Philadelphia, 1919, p S91 
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12 Gjessmg, E Hospitalstidende 8 1151, 1915 
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tendency of a large number of the patient’s relatnes to suffer from 
epistaxis for many years For example, two of Osier’s patients were 
brothers and frequent attacks of epistaxis occurred in five other mem- 
bers of the family Legg’s patient had alwajs 'shown a tendency to 
bleed from traumatic causes, and had painful swelling of the joints 
at regular intervals, resembling the “hemophilic” state Theie was a 
history of epistaxis m three geneiations, and developmental telangiec- 
tases were present on the patient’s face and trunk, but there was no 
history of hemophilia This was the first family m which telangiec- 
tases were found Babbington 10 reported a case of hereditary epis- 
laxis m a native of Lincolnshire The patient had been subject to 
frequent and violent attacks of epistaxis during all her life She 
had four children, two of whom (man and woman) likewise had 
habitual and severe attacks of epistaxis Recurring epistaxis had been 
observed for five generations Rendu 3 was the first to associate the 
tendency to epistaxis with multiple telangiectases as manifestations 
of a distinct clinical entity The condition must not be consideied 
as being hemophilic, nor should it be confounded with the so-called 
hemorrhagic diathesis, nor with the acquired angiomatous lesions 
occurring in cirrhosis of the liver 

Hanes 17 described fifteen cases, including cases of his own, occur- 
ring in two families He ovei looked Josserand’s 171 and Gottheil’s 18 
cases He defines the condition as a hereditary affection, manifesting 
itself in localized dilatations of capillaries and venules, forming dis- 
tinct/groups or telangiectases, which occur especially on the skin of 
the face and the nasal and buccal mucous membranes, and give rise 
to profuse hemorrhage, either spontaneously or as the result of trauma 
A hereditary tendency, both as to the formation of telangiectases and 
epistaxis, is the only factor constantly present Syphilis, alcohol and 
other infections or intoxications do not appear to have any definite 
relation to this condition 

A number of cases have been reported, but with no other instances 
m any of the patients’ families — isolated examples, m other words — 
of a similar condition, but not of the typical hereditary and familial . 
variety In some cases telangiectases, of hereditary nature, were 
noted in one or several members of a family, but without recurring 
epistaxis, in others, persistent, severe, recurring attacks of epistaxis 
of familial type were mentioned, but no telangiectases were reported 
m the patient or any of the members of the family Such isolated 

16 Babbington, B G Lancet 2 362, 1865 

17 Hanes, F M Johns Hopkins Hosp Bull 20 63, 1909 

17a Josserand Bull Soc med d hop de Lyon 1 244, 1902 

18 Gottheil, W S Internat Dermat Congr VI, 1907, Tr 1 165, 1908 
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instances have been reported by A Brown Kelly , 7 Fox , 19 Vidal 20 
Lack , 21 Galloway , 22 Adamson , 23 Chauffard , 24 Babbmgton , 16 Lane , 23 
Kopp , 26 Hyde , 27 Frick , 28 Letienne and Arnal , 29 Stokes , 14 Osier , 3 Mor- 
row 30 and several others 

Hanes 17 believes that three factors of etiologic import are heredity, 
repeated traumatisms and the abuse of alcohol, and that the hereditary 
tendency to the disease is by far the most striking and constant 
feature 

Males and females are affected alike, and are equally capable of 
transmitting the disease to their offspring Hemorrhage is the one 
constant symptom of the disease and the source of all the other symp- 
toms Secondary anemia may become quite serious In the great 
majority of the cases hemorrhage occurs in the form of epistaxis In 
some cases hemorrhage may occur from the telangiectases on the 
tongue, lips, fingers or buccal mucous membrane, and even rectal 
bleeding may occur In my case, the patient had cerebral hemorrhage 
along with severe attacks of nosebleed, and on two occasions profuse 
bleeding occurred from the tip of the tongue and the lip 

Multiple telangiectases constitute the sole characteristic of this con- 
dition Most commonly they occur on the buccal and nasal mucous 
membranes and lips They have been noted on the face, feet, hands, 
ears, scalp, neck, forearms and chest Coe , 31 Chauffard , 24 Chian 5 and 
Legg 6 have mistaken these cases for hemophilia 

Pringle , 32 in discussing Sequeira’s case , 33 reported a case of telangi- 
ectases of the skm associated with hemorrhage from the throat and 
severe hemoptysis from a large dilated blood vessel on the epiglottis 
Phthisis was not present Nearly all the hereditary cases that I was 
able to find recorded in the literature have been epitomized by Weber , 34 
Hanes , 27 Kelly 7 and Steiner , 1 Stokes 14 reviewed many of the iso- 
lated instances, particularly the generalized telangiectasia cases 

19 Fox, T C Brit J Dermat 20 145, 1908 

20 Vidal, E Bull et mem Soc Med d hop de Paris 81 186, 1880 

21 Lack, L Proc Roy Soc M , London 2 109, 1908 

22 Galloway, I Proc Roy Soc Med , London 4 42, 1910 

23 Adamson, H G P Proc Roy Soc Med , London 1 44, 1907 

24 Chauffard Bull et mem Soc med de Hop de Par 13 352, 1896 

25 Lane J Heredity 7 132, 1916 

26 Kopp, K Arch f Dermat u Syph 38 69, 1897 

27 Loc cit , Ref 9 

28 Frick, W J Cutan Dis 30 334, 1912 

29 Letienne, A , and Arnal, E Arch gen de med , May, 1897, p 513 

30 Morrow, P J Cutan and G -U Dis 12 74, 1894 

31 Coe, J W J A M A 47 1090 (Oct 6) 1906 

32 Pringle Proc Roy Soc Med , London 6 129, 1912 

33 Sequeira, J H Brit J Dermat 25 154, 1913 

34 Weber, F P Brit J Dermat 20 159, 1908 Proc Roy Soc Med, 
London 1 44, 1907 
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Weber concludes (1) That the disease aftects and is transmitted 
by both sexes (2) That the hemorrhage in most cases is only 
from the nasal mucous membrane, m some cases also from the 
lesions on the tongue, fingers and cheeks (3) That in most cases 
the morbid syndrome is not connected with any hemophilic tendency, 
or any diminution of blood coagulability (4) That the cutaneous 
angiomas usually first attract attention toward middle life (5) That 
m most cases a tendency to nose bleeding has been present from eaily 
life, or, at all events, many years before cutaneous angiomas were 
observed (6) That with advancing yeais attacks of hemorrhage and 
the anemia become more severe The telangiectases are disseminated 
more or less numerously over the face, lips and ears, and on the 
mucous membrane of the buccal cavity and nose 

In Osier’s third case there were some lesions about the trunk and 
hands In Kelly’s cases the finger tips were involved, and m one 
the nail bed, as in Weber’s case In Chauffard’s case there was no 
heredity, and although not truly a hemophiliac, the patient bled easily 
from the gums, and the least pm prick bled freely Slight arterio- 
sclerosis w^as present 

Wilson’s 35 case of “eruptive angiomata” occurred in a man, 30 
years of age He had epistaxis and bleeding from the gums Red 
“spots” were noted on the face, neck, arms and hands In Bligh’s 
case 30 bleeding ocurred from the angiomas Fearnsides 37 reported 
telangiectases in six children, associated with protracted diarrhea, 
wasting, edema, purpura and erythema No other members m the 
families were affected 

No epistaxis was noted, and no mention is made of hemorrhages 
(external and free) m the patients or any of their relatives In these 
cases the various rashes were the expression of vascular dilatation, 
particularly telangiectases The rashes were the result of wasting, 
due to the protracted diarrhea Erythema w^as present in all (six) 
cases, but purpura was present only in two cases The patients were 
one boy aged 3 years, and five girls aged 10, 3, 5 and 9 years, and 
17 months respectively 

Adamson’s 38 patient was 28 years old, and had telangiectases on 
both sides of the neck, chest and cheeks No hemoirhages tvere noted 
and no other member m the family was similarly affected 

Sequeua 39 reported the case of a woman, aged 55, who had led 
“spots” on the face and fingers She had hemorrhages from one of 

35 Wilson, E J Cutan M & Dis Skin 3 198, 1869 

36 Bhgh, W Lancet 1 506, 1907 

37 Fearnsides, E G Brit J Dermat 24 35 1912 

38 Adamson, H G Proc Roy Soc M , London 2 128, 1908 

39 Sequeira, J H Proc Roy Soc Med , London 6 128, 1912 j 
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the telangiectases One daughter had epistaxis , no other relative had 
a similar affection The spots on the left index finger bled spontane- 
ously several times in the coursse of three or four years She had 
attacks of epistaxis neatly every morning for several years She may 
have had a chronic renal condition Hypertension and thickening of 
the retinal vessels were noted She had punctate patches on the 
tongue, cheeks and lips 

Wilson’s case 35 is not included m the lists of reported cases by 
either Steiner or Hanes In this case copious bleeding from the gums 
and nose occurred, and later “red papulae with diffuse areola” — angi- 
omas — developed suddenly on the face, neck, hands and arms Andei- 
son’s patient was a house painter, aged 39 years Angiomas first 
appeared when the patient Vas 11 years of age He had rectal bleeding 
Mandelbaum 11 described a case occurring m a man, aged 30 years He 
had syphilis at 17 At 21 he developed vascular lesions on the face 
Later on they appeared on the neck, limbs and chest These lesions 
were disseminated purplish red nodules vaiying m size from a pinhead 
to a linseed 

Ullmann 41 reported the case of a woman, aged 40 years, who had 
roundish purplish angiomas on the face varying in size from a hemp- 
seed to a small pea Latei more lesions developed, even on the tracheal 
and bronchial mucous membrane Hemoptysis occurred The patient 
died from pneumonia At the necropsy angiomas were found m the 
skin, respiratory mucous membrane, rectum, urethra and liver This 
case is not of the hereditary type, as no mention is made as to any 
of the patient’s relatives being similarly affected or as suffering from 
epistaxis 

Chauffard’s patient 24 was a woman, aged 50 years She had very 
frequent attacks of epistaxis Many telangiectases were present on 
cheeks, forehead, ears, septum of nose, lower lip and tip of tongue 
Secondary anemia was found Heredity could not be established 
Vidal 20 recorded the case of a woman, aged 31 years, who had 
telangiectases on the breast, neck, wrists, forearms, thighs, feet, back 
of hands, back and abdomen She sometimes had a little nosebleed 
No similar condition was noted in any other member of the family 
Letienne and Arnal 29 reported a case occurring in a woman, aged 
27 years She developed punctiform vascular dilatations 

Shield 42 reported a case in which there was a portwme nevus of 
both hands and feet, with spots on the extremities and the face and 
chin 

40 Anderson, W Brit J Dermat 10 114, 1898 

41 Ullman, C Arch f Dermat u Syph 35 1896 

42 Shield Brit J Dermat 19 (July) 1907 
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Crocker 10 reported a case m a girl, 7 years of age, with an enor- 
mous number of dilated vessels, beginning at 5 years of age, and occui- 
rmg on the face, back of forearm and hand 

4 

Telangiectases, symptomatic of disturbance of the general circula- 
tion are not infrequent, either when the heart itself is at fault, or 
when some distal portion is involved, sometimes by disease of the 
lungs, spleen, liver or thyroid In exophthalmic goiter the circulation 
may be disturbed considerably and telangiectasis may form 

Kennan 43 reported two cases (a boy and a girl) of multiple telangi- 
ectases associated with recurring epistaxis, occurring in twins, aged 
10 years The telangiectases on the face of both children were first 
noticed four years before, following an attack of measles The boy’s 
nose bled frequently Only a few “spots” were present on the mucous 
membranes in both cases The father of the children bled occasion- 
ally from the nose He has three bi others Each one bleeds fre- 
quently from the nose, but a sister has never had epistaxis A girl 
aged 14 years, has frequent epistaxis Anothei girl, aged 12 years, 
has occasional nosebleed In none of these cases has bleeding occurred 
from anywhere except the nose There was no history of the occui- 
rence.of telangiectases in any of them, except in the two children 
(twins) 

Lack 21 reported a case of telangiectases with epistaxis in a woman, 
53 years old She suffered from epistaxis for thirty years At times 
bleeding was profuse, and always from the anterior part of the septum 
on the right side She had typical nevbid spots on the right cheek, 
lips, tongue, palate and chest The patient thought that these lesions 
sometimes disappear There was no history of a tendency to bleed 
m other ways , no history of similar disease in othei members of the 
family The patient had seven children, and brothers and sisters, but 
all were well 

Galloway, 22 reported a case of multiple cutaneous telangiectases of 
recent origin, m a man 35 years of age The patient had had repeated 
attacks of malaria He was tuberculous The sputum contained 
tubercle bacilli Blood clotting time was normal Red spots devel- 
oped “ten months ago,” mainly on the face, neck and shoulders, some 
on the arms and legs They were “spider” telangiectases, “spider or 
stellate-angiomas ” The liver was enlarged The lesions bled pro- 
fusely when traumatized No telangiectases were seen on the mucous 
membrane of the buccal cavity, nasopharynx or larynx The patient 
was not hemophilic No history was obtainable of a similar condition 
m any other member of his family This case resembles the hereditary 
type, but it is probably a case of the type appearing rapidly m certain 
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patients with cirrhosis of the liver Electrolysis and carbon dioxid 
snow was tried satisfactorily in this case 

Kopp 44 reported the case of a young man, aged 19 years, who 
eighteen months before noticed some small red angiomas over the 
scrotum and legs, and later on the trunk and arms No history of 
a similar condition m any other membei of the family was obtained 
Hutchison and Oliver 1S reported three cases m which frequent 
attacks of epistaxis had occuired since eaily years, with a definite 
history of nosebleed in other members of the family Two of the 
patients showed multiple telangiectases of the face, with lesions on 
the buccal mucous membrane 

C \se 1 — A carman, aged 49 years, widower, had attacks of epistaxis all his 
life, sometimes bled from the lips, gums, ears and rectum Red spots were 
present on the nose, cheeks, ears, lips, and a few on the fingers , several punc- 
tate lesions were noted on the septum of nose There was secondary anemia, 
3,250 000 erythrocytes Blood Wassermann was negative The lesions in the 
nose were cauterized without checking the epistaxis Calcium lactate, 15 
grams, three times daily, did no good Diathermy applied to the lesions on 
the lip was effectual 

Case 2 — The father of the first patient, aged 77 years, had frequent attacks 
of bleeding since childhood, with occasional bleeding from the rectum and 
gums He had had spots on the face for years Telangiectases were present 
on both ears and cheeks, and on the inside of the nose They were numerous 
on the tip of the tongue A few lesions were present on the lips There was 
secondary anemia Patient denied venereal disease 

Case 3 — John G, aged 25 years, a son of the first patient had epistaxis 
for a long time There was no history of chilblains He denied venereal dis- 
ease There were some miliary 'red spots on the tip of the tongue and the 
mucous membrane of the lips , a few were present on the right shoulder and 
there were two raised pinkish lesions on the right cheek 

Mori ow 30 reported an unusual case of telangiectases, occurring 
in a gill, aged 10 years When 5 months old she had frequent con- 
vulsions Dui mg the course of these setzuies patches of telangiectases 
developed on the face and body Spots were noted on the left cheek, 
chm, face, nose and malar legions She was a weaknunded child 
No mention is made of epistaxis, or of any similar condition m any 
other member of the family 

Hanes 17 reported lecurnng hemorrhages in four generations of 
one family Multiple telangiectases of the skin and mucous mem- 
branes were noted on the gums, tongue, face, fingers, undei the nails, 
and on the right lower eyelid The patient was a woman, 53 years 
old She was subject to severe nosebleed for thiee yeais Her 
mother died at 48, from heart disease and dropsy, and she, too, had 
se\ere epistaxis all her life Her mother also had red spots on the 
face and lips, and in the mouth The patient’s two brothers had epi- 
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staxis all their lives and both exhibited typical red spots on the face 
and lips 

The patient had secondary anemia of a severe type (erythrocj tes, 
1,500,000, hemoglobin, 15 per cent) Her son, aged 33 years, was 
not subject to recurring epistaxis, but had severe hemorrhages from 
telangiectases on the lips and tongue, and from under the nail on the 
left middle finger He occasionally bleeds from the nose Hanes also 
reports the case of the other son, aged 32 years, and of a daughter, 
aged 18 years He describes another family, with recurring epistaxis 
m sisters, and multiple telangiectases affecting chiefly the mucous mem- 
branes No symptoms of hemophilia were present m any of these 
cases The three sisters were aged 46, 26 and 28 years, respectn ely, 
and two brothers were aged 34 and 38 years, respectively The two 
brothers both have nosebleeds, but neither has telangiectases On 
searching the literature Hanes found thirteen other families recorded 
He mentions those of Babbmgton. 10 Legg, 0 Chian, 5 Chauffard, 24 
Rendu, 3 Osier, 2 Osier, 4 Kelly 7 Ballantyne, 45 Hawthorne, 40 Weber, 47 
Phillips 48 and Waggett 49 As treatment, he advises the destruction of 
the telangiectasias by the use of the chronic acid bead, followed by 
an alkali Repeated cauterizations may be necessary within the nose 
Letienne and Arnal 29 reported the case of a woman, aged 27 years, 
suffering fiom exophthalmic goitei, who had a shower of telangiectases 
over the sternum, and over the remainder of the body They dis- 
appeared on pressure The macular lesions were round and oval in 
shape, scarlet to dark led in color, and of variable size The shoulders 
and neck were free 

Hyde 27 reported four cases 

Case 1 — A woman, aged 57 years, had symmetrically placed telangiectatic 
macules on the cheeks, more conspicuously displayed on the left side The 
lesions varied in size from a small pinhead to half a split pea There was 
one spot over the left sternoclavicular articulation There was no history of 
epistaxis, or a similar condition in any other relative 

Case 2 — A widow, aged 50 years, had a lesion on the right side of the 
brow, and a small lesion on the left cheek which disappeared on firm pressure 
On the right cheek were dull purplish-red puncta, disappearing on pressure 
There were a few scattered ^papules on the scalp The urine contained renal 
casts and albumin The heart was hypertrophied 

Case 3 — A woman, aged 43 years, had one typical vascular lesion on the 
upper lip A few small telangiectases were present on the upper part of the 
chest and there were some distended capillaries on the cheeks 

Case 4 — A young woman, aged 24, had diffuse redness o\er the forehead 
and cheeks 
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Wise 50 reported a case of infective angioma of Hutchinson or 
angioma serpigmosum Hutchinson, Crocker and Dore reported a 
case by Pringle 32 Two cases were reported by Howard Fox m 1911 
The patients were also examined by Wise 50 

Frick 28 reported an unusual case of dilated capillaries m a man, 
50 years of age, a landscape gardener, expressman and laborer The 
skm trouble began fifteen years before on the nose, then appeared on 
the cheeks, neck and forehead He never used alcoholics or tobacco 
The backs of the fingers were also involved The mucous membranes 
of the mouth and nose also contained dilated capillaries No mention 
is made of epistaxis Blood coagulability was normal The patient 
committed suicide 

Terrell 51 reported a case of acquired general capillary telangiec- 
tases m a woman, 47 years old Bright red discoloration of the skm 
on the back of her wrist was due to a dilatation of the capillaries 
The trouble began when she was 32 years of age It first appeared 
m small patches on the outer edge of the feet, then on the wrists 
and both forearms, extending up almost to the elbows The extensor 
surfaces of the extremities were principally involved Epistaxis was 
not mentioned There was no history of similar trouble m any other 
member of the family She had two children, who apparently were 
well 

Babbmgton 16 reported a family having recurring epistaxis No 
mention is made, however, of multiple hereditary recurring telangiec- 
tases, and therefore, I hesitate to accept these as typical The male 
patient (son of the woman whose case was reported by Babbmgton) 
died of the disease The female patient (a sister of the man) had 
six girls, three of whom suffered from nosebleed during the earlier 
period of their lives Other members of the family and their chil- 
dren have had habitual severe epistaxis — observed m five consecutive 
generations and for the last three generations m two branches ' 

Richardson 52 reported cases of familial epistaxis A man, 53 
years old, a teamster, gave no history of venereal disease Spots 
were noticed on the face ten years or more" ago Numerous telangi- 
ectases were present on the face, about the mouth, nostrils and chin, 
and a few were seen on the septum of the nose The trunk and lower 
extremities were clear The coagulation time was normal A second- 
ary anemia was present erythrocytes 3,400,000, hemoglobin, 55 per 
cent The blood Wassermann was negative Patient suffered from 
epistaxis Of five children, two died in infancy A daughter of the ' 
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old lady (sistei of the patient) is well, except that she also was subject 
to bleeding from the nose, although less severe than that of the patient 
A son (brother of the patient) was living and well The mother died 
of an operation dunng childbirth 

The sister and brother of patient each had a daughter, of whom 
nothing is known as to epistaxis or spots A maternal cousin had 
spots on the face and was subject to epistaxis Her two sons and 
two daughters were subject to epistaxis The patient’s younger son, 
aged 25 years, traveling salesman, denied venereal disease He had 
had epistaxis frequently ever since he could remember, three times a 
week He had telangiectases on the cheeks, nose, ears and the tip of 
the tongue, and a few on his fingers Rhinoscopy disclosed no telangi- 
actases He never bled freely from cuts On the left side of the 
nose were two minute threadlike telangiectases of a radial arrangement 
On the cheeks, there was a slight telangiectatic enlargement of the 
finer vessels which disappeared on pressure Similar lesions were 
present He had a minute angioma on the right upper arm 

Legg’s patient was a man, aged 65 years He had suffered from 
attacks of epistaxis since boyhood One sister was subject to nose- 
bleed One son and one daughter suffered from nasal hemorrhages 
The patient had numerous small nevi all over the face, forehead and 
trunk They were not congenital and were first noticed when he was 
40 years of age The patient had joint pams and a tendency to trau- 
matic hemorrhages Legg thought the condition was due to congen- 
ital weakness of the vessels, which remained permanently m a stage of 
early formation 

Van Wagenen 53 reported the case of a woman, aged 32 years, a 
native of Russian Poland Her mother had suffered from epistaxis 
since early childhood Two brothers, aged 27 and 21 years, respec- 
tively, suffered from nosebleed since childhood but never had any 
hemorrhages from any other part of the body They had spots on 
the tongue, nasal septum, face and arms The patient had bleeding 
from the tongue and nose for some time There was no swelling of 
the lower extremities She had had no severe hemorrhages from 
slight wounds Blood coagulation time was normal The erythro- 
cytes numbered 3,600,000 , hemoglobin, 80 per cent The Wassermann 
was negative Van Wegenen used thrombokmase to check the bleed- 
ing, and administered calcium chlorid or calcium lactate Cauteriza- 
tion had been tried Injection of hot water into the base of the lesions 
on the tongue was suggested by him 

Gundrum 54 reported four cases of the disease in the same family 

53 Van Wagenen C D Med Rec 109 81, 1912 

54 Gundrum, F F California State J M 17 78, 1919 
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Case 1 — Lucy JLhad ten telangiectases on the tongue, from 0 5 to 3 5 mm 
in diameter She had severe nosebleeds Two telangiectases were noted on 
the nasal septum 

Case 2 — The mother of the first patient, aged 44 years, had spots on her 
cheeks, ears, eyelids and nose She had five telangiectases on the septum of 
the nose, and suffered from severe attacks of epistaxis 

Case 3 — Brother to Lucy M , aged 47 years, had twenty spots on his face 
and nose He did not have much trouble with nasal hemorrhages 

Case 4 — Grandmother of Lucy M , was aged 65 years at the time of her 
death She had thirty spots on the face and suffered from severe epistaxis 
Treatment consisted of cauterization of all telangiectatic lesions with chromic 
acid bead, heat or other means to “destroy the tiny mass of dilated blood 
vessels 

Coe 31 reported the case of a physician, aged 53 years, as a “hemo- 
philiac” (erroneously), but the case was one of hereditary telangiec- 
tasia with familial recurring epistaxis, and is, therefore, included in 
thi^> paper as an example of the clinical entity here discussed The 
case is further described by Osier 4 and is reported as his fourth case 
of this condition Coe reports four other cases of true hemophilia 

Osier’s first case 2 occurred in a seaman, aged 5 7 years The 
mother never had epistaxis A sister died at 59, of Bright’s disease 
She had had epistaxis since childhood Another sister bled from the 
nose and mouth The patient reported, had one child, aged 13 years, 
who bled from the nose A grand niece, granddaughter of the patient’s 
eldest sister, also had epistaxis The patient had syphilis when 27 
years bid He had secondary anemia, erythrocytes, 2,980,000, hemo- 
globin from 15 to 20 per cent Coagulation time was from five to 
seven minutes (Wright’s) A number of telangiectases were noted on 
the tip and edge of the tongue 

The patient’s brother, Wm B , aged 55 years — had “spider” angi- 
omas on the nasal septum, lips and side of the nose, on the cheeks and 
on the ears He had erythrocytes, 4,488,000, hemoglobin, 71 per 
cent Coagulation time was four minutes He took calcium chlorid, 
15 grains, three times daily The second patient had cancer of the 
stomach, liver, lungs and brain Seven members of his family have 
been subject to epistaxis 

Osier’s third case is not altogether typical of the disease under 
discussion, because it seems to be an isolated instance not of the 
true family type, but of the kind that is associated with cancer of 
the liver and other organic disease, such as syphilis, nephritis, gall- 
bladder trouble, scleroderma, cardiorenal disease, etc Osier’s third 
case occurred m a man, aged 49 years, who had had epistaxis since 
childhood There were no bleeders m the family, and none had 
serious attacks of epistaxis He denied syphilis He had a sec- 
ondary anemia, erythrocytes, 3,460,000, hemoglobin, 38 per cent 
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Telangiectases were present on the face, lips, tongue and scalp His 
attacks of epistaxis began at the age of 10 He bled also from the 
telangiectatic lesions in the gums and lips 

Osier’s fourth case 4 occurred in a physician, aged 53 He had 
numerous telangiectases of the skin of his face, eais and lips, and 
secondary anemia He had been a nosebleeder for many years He 
also bled from the “spots ” The bleeding began at his tenth year 
His grandfather, father and one sister had had “spots” and had bled 
in the same way His son had epistaxis but no “spots ” The patient 
did not have joint trouble There was no severe bleeding fiom the 
cuts 

Scattering angiomas (telangiectases) of the skm are frequently 
found in apparently normal persons and have no pathologic significance 
However, they may develop in large numbers in varying sizes on the 
skm of persons with diseases of the pancreas and liver, cancer, chronic 
jaundice from gallstones, or simple catairhal jaundice, also in tertiary 
syphilis and as a result of exposure of the skm to the roentgen 
ray In Osier’s second case telangiectatic lesions were present m 
the mucous membrane of the stomach The patient died from geneial 
carcinomatosis 

Rendu 3 reported a case in a man, aged 52, who suffered from 
repeated attacks of epistaxis He had small superficial angiomas of 
the skm of the face, neck and thorax, and m the mucous membrane 
of the mouth The patient’s mother and brothei had repeated attacks 
of epistaxis His father died of dysentery, with repeated cnses of 
melena, at the age of 55 He had a few scattered lesions o\ei the 
neck and chest Rendu used for the epistaxis, antipyun, 50 gm , 
tannm, 1 gm and sugar 10 gm As stated, Rendu was the first to 
describe this condition as a distinct clinical entity 

Fox 10 reported the case of a young woman, Emily B , who had 
epistaxis at 10 years of age , at 14 “spots” appeared m the left lower 
axillary region and left side of the back , later they appeared also m 
the right lower axillary region and lower part of the chest, becoming 
bilateral She had marked epistaxis, and recently began to ha\ e bleed- 
ing from the rectum Sigmoidoscopy showed that the lower bowel 
was normal A family history of bleeding of epistaxis could not be 
obtained 

Kelly’s 7 patient, aged 41 yeai s, had suffered from severe recur- 
ring epistaxis Her father died at 62 from the effects of fiequent 
nasal hemorrhages tier sister bled from the lips, mouth and nose 
and had multiple telangiectases on the face and hands and on the 
mucous membranes of the nose and mouth There were few .lesions 
on the scalp The patient’s daughtei bleeds from the nose and has 
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red spots on the face The patient died from a severe and persistent 
attack of epistaxis (syncope) In this case, there was a history of 
severe recurring epistaxis with multiple telangiectases of the skin and 
mucous membranes m the family for thiee generations 

Morrow, 30 Lanceplame, 55 Hyde, 27 Kopp, 44 Tanturn, 50 Terrell, 51 Levi 
and Le Noble, 57 Brocq, 09 Mosny and Malloizel, 58 Gaucher and Crou- 
zon, 59 Letienne and Arnal 29 have reported cases of telangiectasia of 
the more or less generalized type which were so carefully and thor- 
oughly studied by Stokes 14 Stokes says, that out of thirty-three cases 
which he found in his search, he noted that syphilis, plumbism, hyper- 
thyroidism or nephritis was present in twenty-two and possibly m 
twenty-three 

In Gastou’s 00 two cases syphilis was a factor The father devel- 
oped telangiectases , the daughter developed localized telangiectasia in 
early life There is probably a preponderance of females over males 
m connection with the development of generalized and localized 
telangiectasia 

Mandelbaum’s case 11 was an old syphilitic with macular, arbores- 
cent and nodular telangiectatic and angiomatous lesions, generalized 
over a considerable portion of the body 

Ehrmann’s case 01 occurred m a patient with general arteriosclerosis 
He had telangiectases over the trunk and on the extremities This 
may have been a case of syphilis 

Stokes 14 reported a case in a widow, aged 34 There was no 
history of familial epistaxis, hemophilia or telangiectasia in any other 
member of the family At 9 years of age she began to suffer from nose- 
bleed The hemorrhages were Revere This recurring epistaxis ceased 
abruptly with her first menstruation at 12, and did not recur Skin 
trouble began at 29 yeais She had had a small telangiectatic lesion, 
below the right eye for many years, and several small pink spots on 
the dorsum of the feet Then the wrists, arms, legs, and, lastly, the 
trunk became involved There were no lesions on the palms of the 
hands nor on the face at any time The scalp, neck and shoulders 
were free The configuration of the dilated venules was arborescent, 
stellate, or lacehke on the legs — arborescent telangiectatic figures The 
mucous membranes were negative The urine was negative Blood 
coagulation time was normal The blood Wassermann was negative 

55 Lanceplame, R These de Par , 1904 

56 Tanturri, V Ann de dermat et syph , 1880, p 338 

57 Levi and Le Noble Presse med , 1896, p 310 

58 Mosny and Malloizel Bull soc med d hop de Par , 1905, p 8 47 

59 Gaucher and Crouzon Ann de dermat et syph , 1902, p 52 

60 Gastou P Bull Soc de 1 Dermat 5 71, 1894 

61 Ehrmann, S Wien klm med Wchnschr 57 778, 1907 
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once and positive once The erythiocytes numbered 5,580,000 He 
reports the case, with a review of other recorded cases, under the 
title “Generalized Telangiectasia in Association with Syphilis, with 
Peripheral Vascular Sclerosis ” 

Head 62 reported two cases of multiple hemangiomas of the skin 
associated with dyspituitarism 

Case 1 — A Swedish farmer, single, aged 28 >ears, gave no history of 
venereal disease He had been sick since 8 years of age The telangiectases 
appeared when he was 14 on the penis and scrotum, later on the thighs, arms, 
back and abdomen No lesions were seen on the mucous membrane of the 
lips, mouth or nose There were some telangiectases on the face and neck 
varying in size from pm-point to 2 mm in diameter The Wassermann test 
was negative , no glycosuria , no epistaxis , pains in the toes and fingers and 
dull aches in the knees Four brothers and three sisters are well Mother 
died of apoplexy 

Case 2 — A man, aged 60 years laborer, with no history of venereal dis- 
ease or nosebleed, had hemangiomas of the skm of the scrotum and the mucous 
membrane of the cheeks and lips He was acromegalic and had mitral endo- 
carditis Family history was negative Father and brother died of tuber- 
culosis The Wassermann test was negative 

T rawmski 03 suggested the name perivasculitis syphilitica telangiec- 
tatica for his case His patient was a syphilitic, and showed maculai, 
arborescent, and striate telangiectases, with gummatous infiltrates in 
the skm Frick’s patient 2S showed generalized telangiectasia, with 
carcinoma of the liver with metastases Wise’s case 00 was one of 
angioma serpigmosum and was studied by Polhtzer Fox’s case 19 
showed grouped papular lesions on the trunk, associated with epistaxis 
m childhood and rectal hemorrhages 

Some of these cases may present features resembling Majocchi's 
purpura annularis telangiectodes Majocchi 14 believes that there is 
some direct action of some toxin on the vessels which excites endo- 
thelial reaction and proliferation and brings about this condition 
Cardiovascular degenerative conditions (syphilis being the most impor- 
tant) appear to have some etiologic relationship in a few of the reported 
cases of telangiectasia Lead, alcohol, hyperthyroidism, dyspituitarism, 
many of the infectious diseases particularly syphilis, may have some 
etiological relationship m some cases This phase of the subject needs 
further study and investigation 

In Chian’s two cases 0 (two sisters) a history of epistaxis in four 
generations was obtained, with multiple telangiectases on the skm and 
mucous membranes, and the condition was erroneously diagnosed as 
hemophilia The grandmother and two brothers of the girls suffered 
from childhood with frequent and severe attacks of epistaxis 

62 Head, G D Arch Int Med 20 24 (July) 1917 

63 Trav inski, H Monatsh f prakt Dermat 1 45, 1910 
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Kelly’s two patients 7 were also sisters Their mother, two 
brothers and one sister all suffered from severe nasal hemorrhages 
Apparently the sister recovered from these attacks and only bled a 
little from the nose at the time of the menstrual periods The two 
patients reported by Chian bled from the nose since childhood and 
one of them also bled from the gums Both sisters had telangiectases 
on the face and trunk and on the mucous membranes of the nose, 
tongue and lips Their children also suffered from nosebleeding 

The other family reported by Chian gave a history of severe epis- 
taxis in three generations Three members of the family suffered 
with severe attacks of nosebleed from childhood They had multiple 
telangiectases on the skm and mucous membranes When first seen by 
Chian, one of them, a young woman aged 30, exhibited telangiectases on 
the skin and mucous membranes of the nose, tongue and lips Her 
father and paternal aunt had the same trouble Her sister and all 
her sister’s children were similarly affected, and one of the children 
died from a severe nasal hemorrhage 

Josserand’s 17 patient was a woman, aged 56 years, who had 
suffered from epistaxis since childhood Lately she also bled from the 
lips, gums and tongue She exhibited telangiectatic lesions on her 
neck, chest, back and arms, but m greater numbers on the face, lips, 
tongue and palate One brother had nosebleed and telangiectases, 
another brother and her father had been subject to frequent attacks 
of epistaxis 

Hawthorne’s patient 40 was 49 years of age She had had nose- 
bleed since childhood There was a history of epistaxis with telangiec- 
tases m three generations The patient’s father and sister, and her 
nine children had frequent attacks of epistaxis She had telangiectases 
on her fingers and facfe Her father and sister had telangiectases on 
the face 

Weber’s 47 patient was a woman, aged 60, who first noticed telangi- 
ectases on her face when she was 42 She had nosebleed and “spots” 
on her face, ears, lips, tongue, conjunctiva of all the eyelids, the 
mouth and nose She also had some lesions on the fingers and under 
the nails A daughter, aged 10 years, had frequent nosebleed but no 
“spots ” This family gave a history of recurring epistaxis in four 
generations The patient’s mother had nosebleed and several “spots” 
only on the face The patient had small angiomas on the posterior 
wall of the pharynx, \m the nostrils and on the anterior surface of 
the epiglottis Calcium lactate did not stop the epistaxis Epmeph- 
nn was applied locally', and iron and arsenic were given internally 

Phillips’ 48 patient was a married woman, aged 56, who had had 
nosebleed and hemorrhages from the mouth since childhood Her 
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father suffered from violent epistaxis and hemorrhages from the 
tongue Her sister died from hemorrhages of the gums The patient 
had one daughter who had vascular lesions on the tongue and suffered 
from epistaxis There was a small red patch on the tip of the tongue, 
which bled at times The patient had telangiectases on the mucous 
membrane of the tongue, nose and mouth 

Waggett’s patient, 49 53 years of age, had hemorrhages from the 
nose for thirty-three years He also bled from telangiectases on his 
face and lips Telangiectases were also present on the mucous mem- 
branes of the tongue and nose A sister was similarly affected 

Hulke 64 described a case of general telangiectases affecting chiefly 
the left half of the body The condition began 'with the presence of 
a few nevoid spots m early infancy Epistaxis is not mentioned, nor 
was heredity a factor 

Harris 65 reported a case of severe epistaxis, but the patient was 
suffering from hemophilia Bligh’s case of bleeding telangiectases 30 
occurred in a man, aged 32 yeais, who had nevoid growths and hemor- 
rhages, but gave no familial history Smith 6G had a patient, a woman, 
50 years of age, with multiple venous angiomas on the face and upper 
part of the trunk 

Ballantyne 45 reported three cases of multiple telangiectases in one 
family (Hollanders, Zaandam) Red “spots” were present on the 
palpebral conjunctiva in two and on the lips and other portions of the 
skin and on the mucous membranes Several of the patients were 
subject to nosebleed The man was 63, his wife 56, a healthy son, 
30 A daughter, aged 26, had red spots on the face and one finger. 
Five of the six members of the family who were examined had telan- 
giectases One of the boys had spots on the inner surface of the lower 
lip and tip of the nose and end of his tongue One boy had no 
spots, but bled from the nose 

Audry’s case was a patient aged 70 years, who had nosebleed for 
many years He presented numerous telangiectases on the face, tongue, 
palate, arms and body His mothei, a peat uncle, a great aunt, two 
sons, five brothers and sisters were all similarly affected His mother 
bled from the nose and exhibited telangiectases 

Langmead 07 reported a case of hereditary multiple telangiectases 
m a man, aged 68 years There were thirty small vascular red or 
purplish nevoid lesions on the face Some had the “spider” form 
The lower lip and under surface of the tip of the tongue were involved 

64 Hulke Roy Med Chir Soc Dec 12 1876 

65 Harris, T J Laryngoscope 28 890 1918 

66 Smith, F J Tr M Soc London 21 358, 1898 

67 Langmead Proc Roy Soc Med , London 3 109, 1909 
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No telangiectases were seen in the nose For twenty years the patient 
bled from the nose He was first seen by Langmead m June, 1909 
He had a secondary anemia The erythrocytes numbered 2,200,000, 
hemoglobin, 30 per cent Four brothers and one sister were subject 
to epistaxis and exhibited telangiectases The patient’s father was 
similarly affected His mother suffered from severe epistaxis only 
The patient had two sons, one of whom, aged 35 years, had nevoid 
patches and epistaxis , the other younger son only bled from the nose 
A daughter of one of his brothers had similar patches and was 
subject to recurring epistaxis Telangiectases weie present m eight 
members of this family for three generations, and nasal hemorrhage 
was a symptom m eleven members of the family 

Gottheil’s patient 18 was a man, aged 40 years, who bled from 
his nose, tongue and lips as long as he could remember His mother 
had spots on her lips and died, probably as a result of hemorrhages 
Two of the patient’s children, one sister and three brothers had 
nosebleed 

Laffont’s patient 08 was a woman, aged 48 years, who noticed at 
the age of 39 or 40 that telangiectases were appearing on the scalp 
face, ear, breast and back Some had disappeared spontaneously 
Since puberty she had repeated attacks of nosebleed Her mother, at 
62, had spots on her ears, neck, chest and arm, no mention is made 
of epistaxis Her sister had telangiectases on her ears, back of the 
neck and arm, but no epistaxis Other members of the family were 
similarly affected 

Gjessmg 12 gives the history of a family in which epistaxis and 
telangiectases were observed for four generations, one member of 
the family had endocarditis and hemorrhagic retinitis The patient 
whose case is reported, was a man, aged 51 years, who had had severe 
epistaxis since childhood When about 25 or 30, he noticed telangiec- 
tases on his face and the mucous membrane of his mouth Next they 
appeared on the ears, under the chm, on the neck, nose, tongue, hard 
palate and the right lower eyelid, a few spots developing on several 
fingers and the left arm He has bled from the nose and the spots 
on the cheeks, eyelid and tongue Two children have bled from the 
nose The hemoglobin percentage was 25 Several other members 
m the family were similarly affected 

Hanes’ 17 and Steiner’s 1 cases are described so well that I will 
not repeat the reports in detail Hanes reported two families with 
recurring hemorrhages in four generations of one family, and multiple 
telangiectases of the skin and mucous membranes, but no symptoms of 
hemophilia One woman, aged 53, had bled since childhood Telangi- 


68 Laffont Presse med 17 763, 1909 
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ectatic spots were present on the face, lips, tongue, ears, hard palate, 
gums and the nasal mucous membrane In the other family four 
sisters had epistaxis and multiple telangiectases, affecting chiefly the 
mucous membranes, but no symptoms of hemophilia A second 
patient, aged 46, suffered fiom severe nosebleed throughout child- 
hood She had telangiectases under the eyes, on the conjunctivae, on 
the lips, tongue, hard and soft palate and nasal mucous membi ane 
Steiner repoited three families with this condition 

Case 1 — Family F G Recurring hemorrhages occurred in five genera- 
tions and twenty-one members of this family , telangiectases were observed 
in five The patient was a well developed man, 42 years of age, who was 
admitted to the hospital because of weakness, shortness of breath and fre- 
quent nosebleed He began to suffer from epistaxis at 14 At 16, he had 
small hemorrhages from a red spot on the face He denied venereal disease 
Angiomas were seen on both cheeks, varying in size from pin-point to 3 or 
4 mm in diameter Several were present on the nose, tongue, lower lip and 
ear There were a few angiomas on the septum of the nose and on the left 
inferior turbinate Hemoglobin percentage was 60 , erythrocytes numbered 

4.696.000, leukocytes 4,800 The patient was given iron and arsenic The spots 
in the nose were cauterized on two occasions The Wassermann and luetin 
tests were negative The patient’s father, grandfather and one aunt, all of 
whom are now dead, several of his children and grandchildren were similarly 
affected 

Case 3 — Mrs A T aged 33, bled from the nose, tongue, pharynx and hard 
palate These hemorrhages seemed to have been controlled by ergot given 
internally and locally by tincture of ferric chlorid 

Case 4 — Mrs D E , aged 25 years, bled from the nose for nine years, and 
then began to bleed from the tongue Both these women (Cases 3 and 4), 
members of the same family, had angiomatous lesions on the face, tongue, etc 

Case 5 — Family E M Recurring epistaxis occurred in three members of 
the family for two generations , telangiectases with recurring nasal hemor- 
rhages were present in only one member of the family This woman was 41 
years of age She began to have epistaxis when 25 years of age Her gums 
bled easily Eight or nine years ago she began to have red spots on her 
cheeks, then on the hands and wrists She was very anemic Erythrocytes, 

2.560.000, hemoglobin, 55 per cent (Dare) , coagulation time, 4 Vs minutes One 
sister was subject to nosebleed all her life Another sister had a son who 
bled from the nose No mention is made as to the presence of telangiectasia 
m any other member of the family 

Case 6 — Family C L Man, aged 62 years, bled from the nose occasion- 
ally since childhood He was a well nourished Italian The Wassermann test 
was negative Telangiectases were noted on the forehead, cheeks and nose, 
pinpoint, nodular and spider forms Theie was a lnstoiy of epistaxis and 
telangiectases in this family for three generations The patient’s father died 
at 92, he too had telangiectases and nasal hemorrhages Of the patient’s six 
children, only a daughter suffers from occasional attacks of nosebleed 

REPORT Or AUTHOR'S CASES 

Case 1 — Mrs R W , aged 42 years, white, married, has had severe per- 
sistent and recurring attacks of epistaxis since childhood She has two daugh- 
ters and two sons One daughter, aged 20 years, has bled from early child- 
hood The other daughter, aged 11 years, has bled from the nose nearly all 
her life The patient has telangiectatic lesions on the nose, nasal septum, 
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lips, tongue, chin and cheek There are a few lesions on the left side of the 
neck, and one on the middle finger of the left hand None are seen on the 
thighs and legs The larger spots on the tip of the tongue have bled on 
several occasions Bleeding from lower lip occurred on one occasion Some- 
times the hemorrhages from the nose are very profuse and uncontrollable The 
patient received ferrous carbonate, sodium arsenate, calcium lactate and cal- 
cium chlond at various times She also used thyroid and lutein for a brief 
period Secondary anemia is present Her eldest daughter has a few spots 
on the tongue and one over the right clavicle and some on the forearms The 
younger daughter has none on the face or body, and only two very small ones 
are seen on the tongue The patient’s mother, who is dead, also had recurring 
attacks of epistaxis and red spots Three sisters are married Two sisters have 
nosebleed, one sister, 34 years of age, bleeds profusely from the nose 

Her four children, J H, 13, A H, 11, M H , 6, and I H, 3, all suffer 
from epistaxis Another sister, A L, aged 32, bleeds from the nose Her son 
M L, aged 8, does not bleed A third sister, Mrs M C, aged 30, and two 
children, J C , aged 10 and E C , aged 5, apparently do not bleed 

Mrs R W (the oldest daughter), had a “stroke” and hemiplegia Jan 20, 
1918, after a little giddy spell This- attack was due to defects in the small 
vessels, like those occurring in other parts of the body, or a peripheral scle- 
rosis Blood Wassermann tests were negative on several occasions Blood 
chemical tests showed urea nitrogen 18 mg in 100 c c of blood , nonprotein 
nitrogen, 35 mg , creatmin, 2 20 mg 

Unite — Jan 26, 1918 Trace of albumin, sugar less than 01 per cent, 
chlorids, 0 5 per cent , specific gravity, 1 005 , granular and hyalin casts , flat 
and round and caudate epithelial cells, urea, 1 per cent , acid 

March 11, 1919 Albumin present, urea, 0 5 per cent, amorphous urates 
present , total solids, 16 3 gm , faintly acid , specific gravity, 1 009 , no casts , 
no sugar, 

July 24 Acid, specific gravity, 1015, no acetone, no diacetic acid, slight 
excess of indican fifteen times normal, urea, 0 6 per cent , no diazo reaction, 
slight excess of urorosein , no casts and no cylmdroids , many red blood cells , 
many renal epithelial cells, large number of leukocytes (pus) Thirty-five 
ounces of urine were voided m twelve hours 

Eyes April 30, 1919 Posterior polar cataracts in both eyes 
Blood Coagulation and bleeding time normal Feb 15, 1918 Erythro- 
cytes, 3,980,000, leukocytes, 12,600, hemoglobin, 61 per cent Differential count 
polymorphonuclears, 64 per cent , small mononuclears, 26 per cent , large 
mononuclears, 4 per cent , transitionals, 2 per cent , eosinophils, 3 per cent , 
mast cells, 1 per cent July 24, 1919 Erythrocytes, 300,000, leukocytes, 
14,600, hemoglobin, 68 per cent , polymorphonuclears, 60 per cent , large mono- 
nuclears, 12 per cent , small mononuclears, 24 per cent , transitionals, 2 per 
cent , eosinophils, 2 per cent 

The phenolsulphonephthalem renal function test was practically normal 
The blood pressure varied during the past three years between 128 systolic, 
and 90 diastolic, and 110 systolic and 80 diastolic 

Comment — At the time she had the stroke it waS difficult to decide as to 
the cause One could not easily differentiate between embolism, thrombosis 
and hemorrhage There was no evident source of an embolus A faint mur- 
mur could be heard over the heart, and at times it was faintly audible at the 
apex, but it could be attributed to the anemia Shortly after the cerebral 
hemorrhage, the systolic blood pressure was 140, however, at no time during 
the past three years has it been higher than the normal average, often below 
She complains of a heavy feeling and numbness in the limbs, and “heaviness 
with giddy or dizzy feeling m the head ” She has crying spells occasionally, 
worrying over her conditioh She was seen by Dr O H Perry Pepper at 
my request, who reported also that her clotting and bleeding time was normal 
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There is no history of hemophilia in the familj and none of the familj 
bleed excessively from cuts One son, A W, aged 12 jears, has se\cral small 
telangiectases, and a large pale reddish nevus on the back of the left shoulder 
and one telangiectatic lesion below the right lower eyelid He does not bleed 
from the nose , the eldest son, L W , aged 23 years, apparently has neither 
epistaxis nor many telangiectases There are a few o\er the scapular regions 
(supraspinous), and one lesion about four inches below and to the left ot 
the left nipple 

At the time of the “stroke,” and since, the patient, Mrs R W, has been 
seen by A E Roussel, F X Dercum, Charles Potts, W G Spiller, A Gordon 
of Philadelphia, T D Taggart of Atlantic City, N J,S S Butler of Camden, 
N J , and others, during the past three years , however, none of them made 
the diagnosis of hereditary telangiectasia with recurring hemorrhages, and did 
not associate the nosebleed and the cerebral complications with the hereditary 
weakness of the vascular system Dr O H P Pepper agreed with me in my 
diagnosis 

Case 2 — Mrs Anna L, aged 32 years, married seven years, had one mis- 
carriage at six months, and one premature birth at eight months, the child 
living only twenty-four hours Her husband had a positive Wassermann test 
The patient had a positive Wassermann nine years ago She has one boy, 
M L , aged 7 years, living and well The boy does not bleed from the nose 
The patient has had nosebleed since early childhood, very frequent, bleeding 
stops of itself Had influenza and pneumonia and measles She bleeds very 
profusely from the left nostril Her hands are cold, and she gets short of 
breath on exertion Occasionally, she bleeds from hemorrhoids She has 
seven or eight small spots over the back, on the shoulders, two small spots 
back of ears, several on the left side (anteriorly) of septum of nose and one 
or two on right side of septum There are a few radiating dilated capillaries 
around the alae of the nose She also has clubbed fingers, these are cyanosed 
and cold, the lips are cyanosed and get “blue” very often Blood pressure 
systolic, 95, diastolic, 70 No cardiac murmurs were heard at time of the 
examination, but the heart sounds were not of good quality, they were weak 
and muffled She is a sister to the above patient of Case 1, Mrs R W , and 
to Mrs E H (Case 3) Numerous Wassermann tests have been negative, 
following specific treatment taken up to a few years ago 

Case 3 — Mrs Ehz H, aged 35 years, has four children She had one 
miscarriage One infant, aged 1 month, died of whooping cough She was 
operated on four years ago for ruptured gastric ulcer with intestinal obstruc- 
tion She has been bleeding from the nose almost daily since childhood 
She says her mother bled “terribly” from the nose for a great manj years, 
and she thinks her death was due to these severe nasal hemorrhages She 
has a pinpoint lesion above the right eyebrow, three or four spots on the right 
cheek over the malar bone, one pinpoint lesion on the left cheek, one inch 
to the left of the outer angle of the left eye, three or four lesions on right 
half of the lower lip, one spot on the under surface of the upper lip, one 
on upper gum, one spot on neck at base (right side) She gets attacks of 
nosebleeding even during her sleep 

Case 4 — Marvm H, aged 5 years, was ahvays well, except for severe nasal 
hemorrhages He has had nosebleed daily, and during sleep, since 2 years of 
age He has one spot on left cheek, one inch below outer angle of left eje, 
and one on right cheek, one inch below' and in front of right ear Several 
dilated capillaries are noted on right side of septum of nose He had measles 
Mother says boy “bleeds m streams from the nose” daily, which stops itself, 
after bleeding for five or six minutes In these cases epistaxis w’as the first 
manifestation of the disease While the hemorrhages have been severe and 
prolonged there is only a comparatively mild secondary anemia In appear- 
ance the patients do not look very anemic at all Sometimes washing the 
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face, or using a handkerchief, or other very slight trauma is sufficient to 
bring on an attack of epistaxis 

Blood Examination —Oct 11, 1920 Hemoglobin, 70 per cent , erythrocytes, 
2,900,000, leukocytes, 8,000 Differential count Polymorphonclears, 51 per 
cent , small lymphocytes, 45 per cent , large mononuclears, 3 per cent , eosino- 
phils, 1 per cent Marked poikilocytosis and amsocytosis Blood Wassermann 
negative 

Cases 5 and 6 — Aaron H, aged 11 years, and Jeanette H, aged 13 years, 
bleed very profusely from the nose since 2 years of age They are the children 
of E H They have “spots ” 

Blood Examination — Oct 11, 1920 Jeanette H Hemoglobin, 75 per cent , 
erythocytes, 3,350,000, leukocytes, 7,400 Differential count Polymorphonu- 
clears, 72 per cent , small mononuclears, 25 per cent , large mononuclears, 2 
per cent , eosinophils, 1 per cent Some amsocytosis and poikilocytosis Blood 
Wassermann negative 

Aaron H Hemoglobin, 80 per cent , erythrocytes, 3,250,000, leukocytes, 
11,000 Differential count Polymorphonuclears, 61 per cent , small mononu- 
clears, 36 per cent , large mononuclears, 2 per cent , eosinophils, 1 per cent 
Some poikilocytosis and amsocytosis Blood Wassermann negative 



Boggs ' 

Test Tube 

Marvin H 

5 mm 

6 mm 

Jeanette H 

Omin 

7 min 

Aaron H 

5 min 

4 mm 


The hereditary type of telangiectases with epistaxis is principally 
of three forms (1) pinpoint, (2) spider form, the most common, and 
(3) nodular 

Strictly speaking, telangiectasis is a dilatation of the terminal ves- 
sels, i e , capillaries — but it is a term used also to describe dilated 
venules 

Osier speaks of a type of lesion occurring often on the cheeks, 
nose and ears in persons exposed to the weathei, and m heavy drinkers 
Often theie occur arborescent, distended venules on the skin of the 
thorax along the line of the attachment of the diaphragm Or the 
lesion may occur as small pinkish spots from 2 to 5 mm in diameter, 
perfectly smooth and uniform, without visible venules, which disap- 
pear completely on pressure They may be only pinpoint m size, and 
are often of a vivid pink color They may appear suddenly and last 
for several years and then disappear Then, again there are small 
nodular forms, raised, bright purple or crimson m color, from 1 to 
5 mm in diameter They may be congenital They are supposed to 
occur sometimes with cancer of the abdominal organs especially of 
the stomach, but they are common in old persons and in many differ- 
ent conditions The spider form is made up of a central dot, from 
w Inch radiate five or six venules, or rather toward which some vessels 
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converge (nevus araneus) Spider nevus is often associated with 
cirrhosis of the liver The spots are from 2 to 3 cm in diameter 
They may occur following a roentgen-ray burn and in scleroderma 
The mat form is from iy 2 to 4 inches m extent It is uvid pink in 
color It may occur in cirrhosis of the lner Osier has also seen it 
m a case of leukemia Generalized acquired telangiectases, telangiec- 
tases essentielles en plaques of the French, occur m large numbers 
over the trunk and extremities as numerous stellate venules This is 
a rare form Stokes found about thirty-three cases Multiple hered- 
itary telangiectases vuth recurring hemorrhages is the form under 
discussion m this paper 

Osier, 2 Brocq 69 and Vidal 20 recognized the rare form of general- 
ized telangiectases or telangiectases, circumscripta universalis involving 
the skm of the trunk, the arms and legs 

Paul 70 reported the first family with this condition from Australia 

A woman, aged 32 years, had had epistaxis since childhood At about adult 
life, angiomas appeared, and increased in size and number with advancing years 
A dozen or more of bright red angiomatous lesions appeared on each side of 
the patient’s face, varying from a pinpoint to a millet seed in size The mucous 
membrane of the lips ivas extensively involved The tongue showed numerous 
angiomas A few lesions were present on the hard palate and on the con- 
junctival surfaces of the eyelids An angioma on the nasal mucous membrane 
was present, from which hemorrhage frequently took place This was destroyed 
by radium, with the result that the epistaxis was greatly diminished There 
were also a few telangiectases on the palmar surface of the left hand and on the 
dorsal surfaces of the fingers 

In spite of the long-continued and persistent attacks of epistaxis, the patient 
was not anemic Blood count Erythrocytes, 5 110,000, leukocytes, 12 200 
There was no tendency to hemophilia 

Twenty-one members of this patient’s family suffered from the disease, from 
the greatgrandmother down to the two children of the patient, a boy, aged 3 
years, and a girl, aged 7 years The patient’s greatgrandmother, grandmother, 
grandmother’s sister, mother and mother’s three brothers and one sister, the 
patient’s six brothers and one sister, and her two children were all affected 
These two children had recurring attacks of epistaxis, but no angiomas 

As to the hereditary foim with hemorrhages, it is described by 
Oslei, Weber, Hanes and Steiner In this group of cases the lesions 
of dilated capillaries are confined largely to the skm of the face and 
the mucous membranes of the mouth and nose The tendency to 
recurring nasal hemorrhages (familial in type) is a prominent featuie 
and there is a hereditary history of recurring hemorrhages and telan- 
giectases in the family Angiomas of the skin associated with acro- 
megaly hat e been reported only by Head 


69 Brocq Ann de dermat et sypli S 41, 1897 

70 Paul, S N Brit J Dermat 30 41 1918 
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The lesions in the hereditary group of cases are more apt to 
become prominent and increase in numbers between the ages of 35 
and 50 Most of these patients suffer from symptoms of a profound 
secondary anemia The most common seats of the telangiectases are 
the cheeks, lips, ears, nose, fingers and tongue They first appear in 
the skin or mucous membranes as pinpoint spots, like pinpricks, a 
little beneath the suiface and then they increase in size and become 
moie prominent and darker in color A fine vascular network may 
be seen under the skm in some places 

DIAGNOSIS 

The diagnosis is not difficult One must avoid the mistake of 
diagnosing these cases as hemophilia, hemorrhagic diathesis, purpura, 
scurvy, or pernicious anemia, oi the “phthisical state with hemor- 
rhages ” The clotting and bleeding time is always normal, and there 
is no history of hemophilia in these cases The blood platelets are 
not appreciably reduced, and the erythrocyte resistance remains at the 
normal level 

TREATMENT 

Treatment does not confer much relief from the hemorrhages and 
lesions Iron, arsenic, calcium salts, thyroid extract and corpus luteum 
have all been tried with little effect Osier once gave hypodermically 
250 cc of a 1 per cent gelatin solution Calcium chlorid, 15 grains, 
three times daily in cinnamon water has been the remedy frequently 
used by me As the bleeding seems to become more severe after the 
fourth decade, we must double our efforts, especially in women reaching 
the climacteric period, to try to stop the attacks of epistaxis, because 
of the high strung and tottering nervous system Sometimes epineph- 
rin, antipyrin solution, or hydrogen peroxid, may check the bleed- 
ing Kephahn, thrombokmase, coagulen, thromboplastin, blood serum, 
whole blood, or even blood transfusion may be tried 

The chromic acid bead, electric needle, radium and even excision 
may be resorted to, for some of the telangiectatic lesions The carbon 
dioxid stick has been used with some success 71 

SUMMARY 

1 A review of the literature on telangiectases of the hereditaiy 
type associated with familial epistaxis is given 

2 Thirty-one families afflicted with this disease are on record in 
medical literature Several cases are on record which are not alto- 
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gether typical of this condition They ha\e been mentioned in this 
review, but are not included m the thirty-one cases 

3 No general treatment seems to be effective, owing to the con- 
genital developmental defect of the vascular system inherent in these 
patients 

4 Local treatment may reduce the number and sevent) of the 
hemorrhages and improve the general condition of the patient 

5 Dermatologists, rhinolaryngologists and internists should exam- 
ine patients who complain of these skin lesions (telangiectases) or 
recurring hemorrhages more thoroughly and analyze the family his- 
tories In this w r ay some previously undiagnosed or undisco\eied 
cases may be brought to light 

6 A case of hereditary telangiectasia with severe lecurnng nasal 
hemorrhages is recorded and cases are mentioned of tw r o married 
sisters, seven children and the patient’s mother all m the same family, 
suffering from the same disease, a total of eleven cases m one family 72 
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SOME FUNDAMENTAL PRINCIPLES OF ELECTRO- 
CARDIOGRAPHY * 

GEORGE FAHR, MD 

MADISON, WIS 

There are certain fundamental physical and physiologic principles 
concerned in the production of the human electrocardiogram, which, if 
thoroughly appreciated, aie sufficient for an analysis of the various 
normal and pathologic forms of this curve This paper will concern 
itself with a brief statement of these principles, their proof and their 
application in electrocardiography - 

1 Lead II = Lead I plus Lead III This is a law whose proof 
is found m the law of the conservation of energy If this principle 
were not as stated, the law of the conservation of energy would be 
false and perpetual motion possible 

Leads I, II and III are the expressions of potential differences 
existing m the heart at any given moment As these three leads lie 
in the frontal plane, they represent the frontal plane value of the heart’s 
potential differences , that is, the value of cardiac potential differences 
situated in any planes of space as projected on the frontal plane 

If we accept Emthoven’s schema of the equilateral triangle, 1 and 
it has been shown that it represents the conditions m the human body 
with sufficient accuracy, 2 then it is possible from any two leads to find 
the actual direction of the heart’s electric tension as projected upon the 
frontal plane, the “angle oc ,” and to find a value of potential difference 
which has a definite relation to the actual potential difference m each 
heait, 2 the “manifest value” 

2 When the whole of the heart is m the same state of excitation, 
then there is no potential difference in the heart and neither Leads I, 
II or III, will show a galvanometer deflection, no ; matter what the shape 
of the heart or its position in the body 

Let us think of a muscle cylinder located m a cylindrical trough 
filled with physiologic sodium chlond solution Electrodes are attached 
at the ends of the cylinder and the electrodes connected with a gal- 
vanometer If both ends of the muscle are excited over equal volumes 
of muscle substance, the two volumes of negativity cause equal and 
opposite potential differences in the muscle and thus counteract one 
another The galvanometer will indicate no electrical activity m the 
muscle If we now assume that the whole of the muscle is in the 
same state of excitation, then we can divide the muscle into small vol- 

* From the Department of Clinical Medicine, University of Wisconsin 

1 Einthoven, Fahr & de Waart Pflngers Arch 150 275, 1913 

2 Fahr Arch Int Med 25 146 (Jan) 1920 
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umes of substance m such a way that a volume on one side of the 
center of gravity corresponds m size and position to a volume on the 
other side The electronegativity in the one counteracts that m the 
other, and the galvanometer shows no deflection 

We can think of the heart as being divided into a large number of 
muscle cylinders parallel to any lead we choose, and as none of these 
muscle cylinders will produce a potential difference for the given lead 
when the whole cylinder is in the same state of negativity, we can con- 
clude that when the whole heart is in the same state of electronegativity 
there will be no indication of potential difference m this lead In the 
same way we prove it for all leads, and thus come to the conclusion 
that when the whole heart is m the same state of excitation, there can 
be no sign of electrical activity m either Leads I, II or III 

Furthermore, it is now easy to see that the center of gravity of the 
muscle mass is an important point in the heart for the electrocardi- 
ographer Every point in the muscle substance when excited causes 
a potential difference of such direction m the heart as would be repre- 
sented by a line drawn through this point and the center of gravity 
This point is negative, the center of gravity is positive Furthermore, 
the farther a point is from the center of gravity, the greater the mag- 
nitude of the potential difference produced by the excitation of a given 
volume of muscle substance 

Looking at a frontal section of a human heart as it lies m the chest, 
it is seen that the greater mass of the subendocardial layers of the 
conducting tissue lie basally to what must be about the center of gravity 
of the muscle mass When, therefore, the excitation process has spread 
from the mam branches of the bundle into the whole of the subendo- 
cardial layers of the heart, the vector of potential must have such a 
direction that the base is negative to the apex The R peak indicates 
excess of basal negativity in the human heart, and probably marks the 
end of the subendocardial spread of excitation fairly accurately 

3 The Q R S group must represent the spread of excitation through- 
out the ventricles, the T wave must represent the dying out of the 
excitation Some have believed that the QRS gioup represents the 
excitation of the muscle, and the T wave the contraction of the muscle 
That this new is not in accordance with the facts is shown by the fact 
that records of the beginning of the intraventricular pressure 3 as v ell 
as heart sounds 4 show that they are already established before the 
QRS group has ended, and often many 001 second befoie the begin- 
ning of the T wave Moreover, the diphasic action current from 

3 Garten Ztschr f Biol 66 23, 1915 

4 Battaerd Verdere graplusche onderzoekingen o-\er de acustische ver- 
schynselen \an net hart Lejden, Edward Ydo, 1913 
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extrasystoles is against this view of the T representing the contraction 
of the muscle, the Q R S representing the excitation of the muscle 

Others have looked on the QRS group as related to excitation and 
contraction and the T wave as related to metabolic processes Against 
this view it may be stated that it is possible to reduce contraction to 
a minimum thus reducing metabolism and at the same time the QRS, 
and T retain approximately their normal form and size 5 I hate in N 
my possession records of electrocardiogram complexes QRS and T 
which were not followed by a pulse at the carotid and not associated 
with a second heart sound The T wave in these complexes is as large 
as the T wave m a preceding or following complex which was accom- 
panied by a pulse in the carotid and a second heart sound In the 
first case, the energy developed by the heart is much greater than in 
the second, and correspondingly the metabolism m the ordinary sense 
is greater, yet there is no corresponding difference m the T wave 6 7 
Moreover, it must be urged that in all experimental work on muscle it 
has been shown that the electronegative wave precedes the contraction 
wave by only a very short period and dies out, as a rule, only very 
shortly before the end of the contraction As the heart contraction 
begins at about the R peak and ends just after the T wave, it is much 
more in accordance with the facts of muscle physiology to look on the 
Q R S as the representative of the spread of excitation throughout the 
heart muscle and the T wave as the dying out of it in the muscle 
We know that the rise of negativity at a point in a muscle is very much 
more rapid than its decline 

4 Measurements of the direction of potential m the heart in 
so-called “left ventricular preponderance” show that it is actually a 
preponderance of right sided negativity that determines the peculiar 
form of the curve, and measurements of the direction of potential in 
“right ventricular preponderance” show that the forms of these curves 
are really determined by left sided preponderance of negativity in the 
heart 2 It is the length of the path of conduction and the position 
of the center of gravity of the heart which determines so-called “left 
ventricular preponderance ” It is not the greater negativity of a larger 
left or right ventricular musculature, as, I believe, Lewis ‘ under- 
stands it 

I have made some necropsy measurements which support my views 
In one case of combined mitral stenosis, mitral regurgitation and rela- 
tive trrcuspid insufficiency the electrocardiogram showed the typical 

5 Noyons Onderzoekingen gedaan in bet Physiol Lab Utrecht, V 
Reeks , 11 208, 1909 Einthoven & Rademaker Pfiugers Arch 166 109, 1916 

6 Einthoven & Kortweg On the Variability of the Size of the Pulse in 
Cases of Auricular Fibrillation, Heart, 6 107, 1916 

7 Lewis Heart, 5 367, 1914 
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downward pointing QRS group in Lead I and the high upward point- 
ing QRS group in Lead III Analysis showed that the \ector of 
potential in the heart pointed to negativity of the left side throughout 
the period of the ventricular electrocardiogram The musculature of 
the left ventricle was 50 per cent thicker than that of the right ■ven- 
tricle but the path of conduction along the right branch of the bundle 
to a point close to where the bundle breaks up into finer branches was 
about 1 5-2 cm longer than the path of conduction along the left branch 
to the points where it begins to break up into finer branches and become 
lost for macroscopic vision Measuring fiom these points to various 
points near the bases of the ventricles showed a path in the right ■ven- 
tricle on the average about from 3 to 4 cm longer than in the left 
ventricle Of course, such measurements are \ery inaccurate They 
can only show m a general way that the path of conduction is longer 
on the one side than on the other In the same way a necropsy of the 
heart of a patient who had been supporting a systolic blood pressure 
of over 200 for years showed a longer path of conduction m the left 
ventricle than in the right The electrocardiogram was the typical 
electrocardiogram of so-called “left ventricular preponderance,” and 
analysis by means of the schema of the equilateral triangle show r ed 
that negativity of the right side of the heart determined the form of 
this "typical electrocardiogram of so-called “left ventricular preponder- 
ance ” 

I wash to point out that there is nearly always left ventricular pre- 
ponderance of musculature even m pure mitral stenosis 7 Therefore, if 
the muscle mass was the factor that determined the peculiar form of the 
electrocardiogram in so-called “right ventricular preponderance” we 
could only have “left ventricular preponderance” types of electro- 
cardiograms 

5 The analysis of the electrocardiograms of so-called left bundle 
branch block indicates that the negativity gets into the left side of the 
heart first, and analysis of the electrocardiograms of so-called right 
bundle branch block indicates that the negativity gets into the right 
side of the heart first 2 In other words, we have frequently been 
diagnosing bundle branch block on the right side when it really was 
on the left side, and vice versa Recently Oppenheimer and Pardee 8 
have sectioned the bundle and its branches in cases showing the bundle 
branch type of electrocardiogram and have confirmed my views on 
this subject 

6 The electrocardiogram is the expression of the action current 

Its form and size depends almost entirely on the way m which the 

^ ) 

S Oppenheimer & Pardee American Societv for Clinical Inv estigaiton 
Atlantic City, May 3, 1920 
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excitation process spreads in the heart There is no relation between 
the form and size of the electrocardiogram and the work done by the 
heart or the reserve power of the heart When the whole of the heart 
muscle is excited and in contraction, there may be no electrocardio- 
graphic sign of activity as stated m 2 Extrasystoles which are insuffi- 
cient to throw out blood into the aorta may show the highest curves, 
or may be exactly like normal ventricular electrocardiograms which 
are followed by strong ventricular contractions Powerful hearts may 
show very tiny Q R S groups and small T waves, or they may show 
large Q R S groups and large T waves For the sake of the clinician 
who has not made a thorough study of electrocardiography, it should 
be stated that the electrocardiogram can only answer questions as to 
the origin and propagation of the excitation process in the heart and 
can give no direct answer to the question of the contractile efficiency of 
the heart muscle 9 


9 While this paper was in the hands of the editors, a paper on “Bundle 
Branch Block,” by Wilson and Herrmann, appeared in Arch Int Med , August, 
1920, p 153 It is too late for me to prepare a long article on bundle branch 
block, but it is necessary that I come out definitely m opposition to such state- 
ments of Wilson and Herrmann, as “To assume that preponderant muscle 
activity at the apex of the heart must cause a downward deflection in Lead II, 
or that corresponding activity at the base must cause an upward deflection in 
the same lead as has so frequently been done, to assume, as Fahr has done, 
that when the electrical axis as determined by Einthoven’s formula points to 
the left the preponderant muscle activity is on the right side of the, heart is 
totally unjustifiable” This conclusion of Wilson and Herrmann is based on 
their interpretation of the distribution of potential in the cylinder B, Figure 2, 
of their paper when the point L is in excitation 

Their interpretation is false, in my opinion When the point L is m excita- 
tion all other points of the muscle mass AMB are positive There is a poten- 
tial difference between A and L as well as B and L and M and L Moreover, 
muscle experiments show that M is negative to A and B when the point L is 
in excitation and lies in the same muscle fiber or syncitium of fibers as M The 
resultant of all these potential differences must be a potential difference of 
such a direction that the portion LM of the muscle is negative to the portions 
A and B In other words, the potential difference in the cylinder must be such 
that the electrode S is negative to R All this follows from the fact that all 
points on a muscle are positive with respect to the excited points and not just 
to one point as M It makes absolutely no difference whether the point L is 
located in a syncitium of muscle spread over one surface of another syncitium 
of muscle, or whether the point L is located in one large syncitium As a mat- 
ter of fact, I do not believe that the negativity produced in the Purkinje sys- 
tem itself is large enough to affect the galvanometers Experiments which I 
have carried out show that potential differences of the order of tenths of volts 
are concerned in the production of the electrocardiogram A small flat piece 
of tissue like the subendocardial Purkinje system would not, m all probability, 
produce voltages this high 

Furthermore, I wish to point out to Wilson and Herrmann that most of 
Lewis’ dog experiments agree with my interpretation of bundle branch block, 
and that Oppenheimer’s examinations of hearts of bundle branch block certainly 
do not support the accepted view of bundle branch lesions 



ACHOLURIC JAUNDICE - 
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Acholuric jaundice has long been recognized and frequently seen 
in many conditions with various clinical designations Most commonly 
it is ascribed to some disorder of the livei or to anemia, but because 
no bile appears in the urine little investigation lias been made of such 
jaundice In 1917 1 I reported an investigation of the blood in pei- 
nicious anemia and found that fifteen out of twenty patients had bih- 
lubin m the plasma and none had it in the urine I concluded fiom 
these findings that bile pigment was in some way fixed to the blood 
plasma and could not be excreted by the kidney Previously Dr 
Hoover and I reported 2 a series of obseivations under the title of 
“Dissociated Jaundice,” m which it was pointed out that biliary elements 
occur in the blood m varying amounts, that theie is a fauly constant 
“threshold” foi these substances above which they appeal in the mine, 
but that in some conditions, pnncipally diseases of the liver and the 
anemias, this thieshold is quite high In many subsequent obseivations, 
this same thing has been observed, and I have also found both dialyz- 
able and nondialyzable bile pigment in the blood — nondialyzable alone 
in the milder giades of jaundice, and both dialyzable and nondial) zable 
in the more seveie grades of jaundice I also leported that, when 
dialyzable pigment was present in the blood, bile pigment was usually 
found in the urine, and when no pigment could be dialyzed from the 
blood, none would be found m the urine Theie have been very few 
exceptions to the lule that bile pigment of the blood diffuses thiough 
collodion membrane whenevei it goes through the kidney 

This method of study has disclosed many cases of acholuric jaun- 
dice, some so faintly jaundiced that a chemical test of the plasma with 
nitric acid was the only evidence of jaundice, otheis so very yellow 
that the absence of choluria demanded explanation In a very few 
of the latter cases, impaiiment of kidney function could be admitted 
as a possible cause In others, where no defect in kidney function 
could be found, it was assumed that something peculiar to the con- 
ditions of cholenua determined the retention of pigment This report 

’’•Read before the Association of American Plnsicians, May, 1920 

1 Blankenhorn, M A The Bile Content of the Blood m Pernicious 
Anemia, Arch Int Med, 19 344 (March) 1917 

2 Hoover, C F, and Blankenhorn M A Dissociated Jaundice, Arch Int 
Med, 18 2S9 (Aug) 1916 



132 


ARCHIVES OF INTERNAL MEDICINE 


then, deals with the nature of such bile pigment as could not be dialyzed 
from the blood plasma and did not appear in the urine 

The specimens dealt with in every case were oxalate plasma free 
from hemolysis, obtained from patients that were admitted to the 
medical wards for study and treatment In every instance the urine 
was examined for bile and an inspection was made of the skin and 
scleiae for jaundice Also, jaundiced specimens of plasma were fabri- 
cated in the laboratory by adding various amounts of fresh gallbladder 
bile to freshly obtained oxalate plasma It was found that, when 
sufficient gallbladder bile was added to give the plasma a deep yellow 
stain, the plasma, when dialyzed in water, would give only a part of 
the bile pigment, and that prolonged dialysis in running water would 
not completely decolorize the plasma to its original condition The 
amount of pigment thus remaining undialyzable is quite variable When 
plasma was stained for a short time by weak solutions of bile, less 
remained as undialyzable, when stained for longer periods and with 
stronger solutions, considerably more remained It was also found 
that when colorless plasma was placed within the collodion sac, with 
a dilute aqueous solution of gallbladder bile surrounding the sac, the 
bile pigment would penetrate the membrane and stain the plasma, but 
subsequently could not be removed completely by dialysis 

Jaundiced plasma obtained from forty patients was dialyzed into 
small amounts of water to determine the presence of any dialyzable 
pigment, and if any was found the plasma was then dialyzed for twenty- 
four hours in running water, the nondialyzable residue being preserved 
In no instance was it possible completely to decolorize plasma by 
dialysis But there was quite a wide variation in the amount of undial- 
yzable residue m different specimens 

It was found that when the proteins were removed from plasma 
by coagulation with heat, the coagulated proteins were stained yellow 
or yellowish green, and that when only nondialyzable pigment was 
present, coagulation of the plasma and filtration removed all of the 
color In plasma that contained dialyzable as well as nondialyzable 
pigment, coagulation by heat and filtration did not remove all color 
However, after such specimens were dialyzed with running water 
for twenty-four hours, thus removing all dialyzable pigment, and then 
coagulated with heat, filtrating would remove all of the color It was 
then apparent that nondialyzable bile pigment is associated with the 
protein of the plasma When the proteins of the plasma were removed 
by salting out and were then precipitated, the precipitate was found 
to be yellow or green, depending on the amount of pigment present 

3 Marowitz, P Handb d Biochem des Mensch u d Thiere, 2 pt 2, 
p 79 
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After complete precipitation by salting out, the filtrate would be entirely 
colorless and give no biuret reaction When proteins were salted out 
fractionally 3 by ammonium sulphate, all three elements — euglobulm, 
pseudoglobulin, and serum albumin — were found to be pigmented 

Heat coagulated proteins could be washed with water, dilute acids 
and alkalies without losing any of their pigment When extracted with 
alcohol the pigment was removed quickly and entirely, and could then 
be identified as bile pigment by the various color tests No pigment 
could be remo\ed by prolonged extraction with ether or petroleum 
ether from ten specimens thus treated Strong acids or alkalies did 
dissohe the coagulated proteins and decolorize their added pigment, 
but they did not extract the pigment unchanged as does alcohol 

Precipitated proteins which are stained by bile pigments behaved in 
the same manner to solvents, 1 e , they gave up their bile pigments 
only to alcohol, and not to dilute acids and alkalies or to ether and 
petroleum ether 

When heat coagulated proteins or precipitated proteins were acted 
on by pepsin, they went into solution readily and still retained their 
yellow or green color When dialyzed in this form, a certain amount 
of bile pigment would dialyze but not until some of the protein, prob- 
ably peptone, was dialyzed, that is, the undigested protein, together 
with its pigment, does not dialyze at all, but vfhen acted on by pro- 
teolytic enzymes, metaproteins are formed which are more diffusible 
but which apparently retain their stain of bile pigment In no instance 
w r as any staining substance found in the plasma which could not be 
coagulated out by heat and precipitated by salting out It v'ould appear, 
therfore, that nondialyzable bile pigment in the blood is combined with 
the proteins by adsorption, like a colloid stained by a dye 

In a previous report, I offered the suggestion that acholuric jaun- 
dice might be explained by retention of bile pigments in the blood, but 
that such pigment was essentially different from that vdnch was readily 
dialyzed I was led to believe this by noticing that m obstructive 
jaundice, which is the simplest type of jaundice, there is very little 
nondialyzable pigment m the blood, but in diseases of the liver, 
particularly of long standing, there is usually a large amount of 
nondialyzable pigment This suggested that the formation of nonob- 
structive jaundice was not simply a process of pouring bile pigment 
into the blood stream, and that the pigment by its elaboration m the 
liver was of a different nature frorti pigment found m obstructive 
jaundice However, on further study of the various types of acho- 
luric jaundice, this appearance of a different pigment w r as not sub- 
stantiated It v ? as noted, however, that most of the cases of acholuric 
jaundice have been jaundiced for a long time When severely jaun- 
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diced for a long time, there is a large amount of nondialyzable bile 
pigment, when mildly jaundiced for a long time, there is a less degree 
It is quite probable that the retention of bile pigment can be explained 
as a staining of the blood proteins, and that the degree of stain vanes 
according to the concentration of the stain and the length of time 
that the plasma is exposed to the stain 
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CORRESPONDENCE 


THE EFFECT OF CERTAIN BLOOD CONSTITUENTS 
ON PICRATE SOLUTIONS 

To the Editor — In a recent number of the Archives or Internal Medicine 
Cowie and Parsons 1 report the effect of certain blood constituents on picrate 
solutions As a result of their studies, they conclude that creatmin, acetone, 
diacetic acid and epmephrm react with the picrate solution employed m the 
modified Lewis-Benedict method for blood sugar determination, and, further, 
that the reaction given by acetone and by epmephrm, is so intense that these 
substances become possible serious interfering substances in the determination 
of blood sugar by the modified Lewis-Benedict method 

The possible interference by creatmin in the determination of sugar in blood 
by the picrate method has been the subject of frequent comment in the litera- 
ture, and it is not our purpose to enter into any discussion of this question 
at the present time It may, however, be pointed out that in certain bloods 
(particularly those of advanced nephritis or uremia) creatmin may contribute 
something toward the blood sugar figures Except in rare cases, however, this 
interference can amount to only a few milligrams of sugar per hundred c c 
of blood 

The figures reported by Cowie and Parsons for interference by acetone and 
by epmephrm are so astonishing, and so contrary to our experience, that we 
feel they require some comment m justice to the large numbers of workers 
who have employed the picrate method of sugar determination in the blood 
Cowie and Parsons state that when added in moderate amounts to pure 
picrate solutions acetone has very little effect on the developmentt of color, 
that the acetone “blows off” under such conditions When, however, acetone 
is added to blood, these investigators find that they can detect a distinct 
color change in the picrate solution when adding 2 cc of a solution contain- 
ing 0 05 mg of acetone per hundred c c of solution to 2 c c of blood Since 
only very moderate success was had in detecting glucose added to blood 
(25 mg of glucose per hundred c c of solution was the smallest quantity 
they could detect), Cowie and Parsons conclude that the picrate solution is 
five hundred times as sensitive to acetone as to glucose Only a moment’s 
reflection is required to show that any such conclusion as this cannot be cor- 
rect by quite a large margin Normal blood may contain as much as 1 mg 
of acetone per hundred cc of blood If the picrate solution is five hundred 
times as sensitive to acetone as to sugar, such bloods would show 0 5 per cent 
of glucose due to the acetone alone, and in cases of diabetes, where the acetone 
content of the blood may be very considerably increased, figures of from 5 to 
10 per cent of sugar in the blood would be quite common 

Our own experiments with acetone have shown that the substance affects 
the picrate solution approximately to the same degree whether the acetone 
be added to water or to blood This finding is what we should expect When 
added to blood, acetone is not detectable in the picrate method for blood 
sugar determination until the quantity added exceeds 7 mg per hundred cc 
of blood With larger quantities of acetone the effect becomes more marked 
with each addition so that when 20 or more mg of acetone per hundred cc 
are added, the acetone has somewhat more effect than an equal weight of 
glucose 

It is plain from these findings that acetone cannot be regarded as consti- 
tuting a really serious interfering substance in the determination of blood 
sugar by the picrate method In any case, acetone can be removed quanti- 
tatively from blood filtrates by boiling for about half a minute The filtrate 
should then be cooled before addition of the carbonate, and the determination 


1 Cowie, D M , and Parsons, J P Studies on Blood Sugar Effect of 
Blood Constituents on Picrate Solutions, Arch Int Med 26 333 (Sept ) 1920 
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carried out as usual It will be very rare, indeed, that this boiling of the 
filtrate will have any effect whatever on the blood sugar found, since acetonk 
seldom occurs in appreciable amounts in blood Only in cases where the urine 
is rich in acetone bodies would it be worth while to employ the preliminary 
boiling 

In Table 11 of their paper, Cowie and Parsons report that they can detect 
an effect of epinephnn when using 2 cc of a solution containing 1 mg of this 
substance in 4,000,000 cc of water This would mean that the picrate solution 
would detect 1 part of epinephrin in 4,000,000,000 parts of solution, indicating 
entrance into a realm of analytical chemistry into which no one hitherto has 
entered 

We have carried out experiments with epinephrin, making use of fresh solu- 
tions prepared from the free base (adrenalin, Parke, Davis & Co ) with the 
help of a little hydrochloric acid We also used the Parke, Davis solution of 
adrenalin chlorid (1 1,000, which contains about five times as much chloretone 
as adrenalin) The results of our work in this connection are wholly at vari- 
ance with those reported by Cowie and Parsons We find that epinephrin has 
little more effect than twice its weight of glucose on the picrate solution, either 
in pure solution or when added to blood Since epinephrin cannot be demon- 
strated in systemic blood, or is certainly not present in a concentration greater 
than 1 part in several million, its possible interference in the picrate method 
for blood sugar is not worthy of consideration 

We can offer no explanation of the discrepancy between our results with 
acetone and epinephrin and those reported by Cowie and Parsons We believe, 
however, that such results as have been reported by Cowie and Parsons in 
this connection cannot be duplicated in any properly conducted experiments 

Stanley R Benedict, 

Emil Osterberg, 

New York 


STUDIES ON BLOOD SUGAR EFFECT OF BLOOD 
CONSTITUENTS ON PICRATE SOLUTIONS 

To the Editoi — Our paper on Studies on Blood Sugar The Effect of Blood 
Constituents on Picrate Solutions, published in the Archives of Internal 
Medicine, September, 1920, p 333, contained a typographical 'error, p 338, 
Table 11 Heading of first column should read “Size of blood sample,” not 
“water sample” 

We should also like to make the following additions 
Reference 4, page 338, after the words “(per liter)” should follow, Van 
Slyke and Fitz J Biol Chem 32 497, 1917 

After the words, “the acetone blows off,” page 338, should follow an 
asterisk with this footnote “Samples run with 100, 75, 50, 25, 15 mg to 
100 c c of water were practically black, no attempt was made to read them” 
This sentence should be omitted from the asterisk reference on page 339 
A question has been asked as to why we got the readings 0 040 m our blank 
determinations This is the point on the vernier at which the solutions became 
unreadable When we got to this point the prism was just emerging from the 
solution We could not call it 0 000 and we do not believe it is 0 000 We 
have had blanks read in different departments of the hospital and by dif- 
ferent men who always bring in the figures from 0032 to 0040 The same 
thing happens with the creatmin test of Folin where a picrate solution is used 
Readings of blanks handed out to technicians as unknowns always come back 
0 040 to 0 048 These points are practically unreadable 
We used a Dubosque colorimeter for all our work 

David Murray Cowie, MD, 

John Purl Parsons, M D , 

Ann Arbor, Mich 



BOOK REVIEWS 


PATHOGENIC MICRO-ORGANISMS A Practical Manual for Students, 
Physicians and Health Officers Park & Williams Assisted by Charles 
Krumwiede, Jr Lea & Febiger, New York, 1920 

This well known textbook appears in its seventh edition It is now a book 
^>f nearly 800 pages, clearly printed on good paper atid containing nine full 
page plates and 214 engraved illustrations, most of which are well selected and 
well done It is divided into three parts, Part I dealing with the general char- 
acteristics and methods of study of all pathogens, Part II with the detailed 
studies of individual organisms, and Part III with applied microbiology 

Part III is, in a way, the most distinctive feature of the book In it are 
discussed such subjects as bacteriology of milk, water, air, soil, shell fish, etc , 
also the application of vaccines and serums, where, under separate headings, 
these topics for the various infections are treated' as a rule, briefly This 
mode of treatment necessitates the separation of subjects, natural units in 
themselves, and, to some degree at least, is disadvantageous But it has its 
redeeming feature in that the discussion of the field of vaccine and serum 
therapy becomes easily accessible and the various infections may be correlated 
in respect to treatment 

New data has been inserted in most of the chapters and some chapters have 
been rewritten entirely In respect to mass of data presented, this book sur- 
passes most, if not all, other texts It is well arranged and coordinated 

As one glances through the pages one is struck by the abundant use that 
has been made of data that has accumulated largely through studies carried 
on at the Department of Health of New York City In a way, this is a desirable 
feature, since it enables the authors to present much first hand information 
This statement does not imply that other sources of information have been 
neglected On the whole, a fairly abundant bibliography is presented in the 
text The authors have made abundant use of information derived from studies 
carried on during the war Such subjects as war wounds, anaerobic bacteria 
and vaccination are discussed in the light of this experience And the difficult 
subject of the bacteriology of influenza is presented m a sane and sensible way 
It is gratifying to pathologists and bacteriologists to note the increasing number 
of satisfactory American texts, of which this is one, on the subject of pathogenic 
bacteria In marked contrast one cannot refrain from pointing out the general 
inadequacy of our American texts in the closely related subject of general 
pathology 

EPIDEMIC ENCEPHALITIS (ENCEPHALITIS LETHARGICA) By 
Frederick Tilney, M D , Ph D , Professor of Neurology, Columbia Uni- 
versity, Attending Neurologist, the Presbyterian Hospital, and the New 
York Neurological Institute, Consulting Neurologist, Roosevelt Hospital, 
New York, and Hubert S Howe, AM, M'D Instructor in Neurology, 
Columbia University, Assistant Visiting Neurologist the Presbyterian 
Hospital, New York Pp 252 New York Paul B Hoeber, 1920 

This book is an expansion of articles bv Tilney and Riley ( Neurological 
Bulletin March, 1919) and Howe (N eurological Bulletin, May, 1919), with 
additions and further elaboration of original clinical and pathological mate- 
rial There is also a general discussion of the various aspects of the disease, 
based on the authors’ cases and reports in the literature The book contains 
valuable and original detailed data, but does not give a comprehensive review 
of the literature of the disease, and the material — while rich and described with 
dependable accuracy — is not as fully elaborated as may be desired by busy 
readers There are fifty-three illustrations, many of which are taken from 
the previously mentioned articles by the same authors 
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Pasteur The History of a Mind By Emile Duclaux Translated and 

edited by Erwin F Smith and Florence Hedges Octavo Cloth Pp 363 
Illustrated Philadelphia and London W B Saunders Co , 1920 
It was an excellent idea of the senior translator to publish this work at this 
particular time, although the bitter words of Declaux in a letter written in 1882 
still have some application He said “I know very well that old physicians do 
not read any more, and when they do read they do not understand I know 
that students think only of their examinations, when they think at all ” For 
some years everything except the daily task had to be neglected Now we? 
should go back to the cultivation not only of technical matters, but of all that 
gives a wider knowledge of the growth of medical and biologic sciences and 
of the great men who have had a part in advancing them Everyone knows 
that Pasteur was one of the greatest factors in the vast progress of the last 
fifty years, but what he did and how he did it will always be profitable to recall 
His life and his works have been available for some years in the intimate and 
sympathetic pages of Rene Vallery-Radot Professor Duclaux, who had worked 
from an early day as pupil and as colleague of Pasteur, and whose generous 
appreciation of the master was based on the most thorough familiarity with his 
researches, wrote almost wholly with an eye to the technical and scientific aspects 
of Pasteur’s work, so the two books supplement each other But, the present 
work has a great advantage over the original French edition Dr Smith has 
put m the form of an introduction of two dozen pages not only a warm eulogy 
of Duclaux, but also so beautiful a picture of his life and work that the bodk 
might well be called the history of two minds, still better, to use the French 
word which does not seem adequately rendered by “mind,” two “espnts ” There 
is also a very useful “Annotated List of Persons Mentioned in This Book,” and 
reproductions of many portraits of Pasteur and of Duclaux The index is 
much superior to those usually found m works of this kind The translation is, 
as a rule, smooth and accurate, so much so that one notes with surprise the use 
of “marine salt” for common salt or sodium chlorid Public libraries, as well 
as medical libraries, should place the book where it can be seen and read by all 
classes of readers, for although Pasteur’s period is rapidly receding, his influence 
on biology in general and on bacteriology in particular was far reaching 
Unfortunately, the high price of the volume, though not out of proportion to 
the cost of getting it up, will prevent many who would wish to own it from 
having that pleasure 
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THE CARDIORESPIRATORY MECHANISM IN HEALTH 

AND DISEASE* 

R G PEARCE, MD 

AKRON, OHIO 

The most common complaint of the cardiac patient is shortness of 
breath For this reason the average physician uses the respiratory 
response to effort as a measure of the efficiency of the circulation 
Nevertheless, the intimate relation existing among circulation, respira- 
tion and metabolism is not generally appreciated by members of the 
profession 

The basis of life lies in the chemical changes which we term metabo- 
lism It is the energy liberated by the oxidation of carbon and hydro- 
gen that maintains the body functions and supplies the forces required 
for external work Indeed, the amount of oxygen which the body 
uses m a unit of time has been found to be the most accurate measure 
of the energy output 

The oxygen consumed by the tissues must be transported from the 
lungs to the working cells by the blood Failure to supply oxygen in 
sufficient amount to maintain the well-being of the tissues, or to remove 
the waste products of metabolism, such as carbon dioxid, is the cause 
of the distress both m the cardiac decompensated patient and m the 
winded athlete Without doubt, the most prominent role of the cir- 
culation is its respiratory function Lack of oxygen kills the tissues 
as quickly as many active poisons Because of this intimate relation- 
ship existing among respiration, circulation and metabolism, I have come 
to consider them as forming a single physiologic system 

Fortunately, each of the functions of this physiologic triad has a 
certain elasticity, or what has been termed a factor of safety, and minor 
changes can occur m either circulation, respiration or metabolism with- 
out serious effect Changes m one are compensated for by adjustments 
m the others 

*The Hamilton Biggar Prize Essay, Cleveland Medical Library Associa- 
tion, November, 1919 From the Cardiorespiratory Laboratory, Medical Ser- 
vice, Lakeside Hospital, Cleveland 
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THE RELATION OF THE CARDIORESPIRATORY FUNCTION TO 

METABOLISM 

In a senes of experiments on men doing progressively increasing 
yet moderate amounts of work, Boothby 1 found that there was an 
almost strict parallelism in the time volume of the blood-flow, the tune 
volume of the ventilation, and the oxygen consumption per unit of 
time If we make the assumption that the tissues are bathed when 
at rest with blood having the optimal concentration of the respiratory 
gases, we should expect that the body would attempt to maintain the 
same optimal concentration for all degrees of muscular work, and 
Boothby’s findings are not surprising Moreover, we know that neither 
the blood nor the tissues can store any great amount of the respiratory 
gases, and hence, the gaseous exchange of the body must be adequate 
to meet the demands of tissue metabolism, increasing or decreasing in 
volume with extreme rapidity according to the respective changes in 
the gaseous demands of the tissues 

At low levels of metabolism, it may be that such a condition obtains, 
but -when the oxygen consumption is increased tenfold, as it may be 
during great muscular effort, a greater blood-flow than we can conceive 
as being possible must be present if the tissues are to be bathed with 
the optimal pressures of the respiratory gases For example we 
found that, while the average resting man uses about 275 c c of oxygen 
a minute, he uses about 1,100 cc when walking 3 5 miles per hour, 
and 2,060 c c when running at a rate of 5 5 miles per hour , that is, 
he uses four times the amount of oxygen when walking and seven and 
a half times the amount of oxygen when running, at these respective 
rates If the volume of the blood-flow and the volume of the alveolar 
ventilation increased proportionately with the oxygen consumption, the 
normal resting minute volume of blood would be increased from the 
generally accepted average volume of 5 liters to 20 liters when the sub- 
ject was walking, and to 37 5 liters when running, as given above, 
and the normal resting alveolar ventilation, estimated by me to be 
about 4 5 liters per minute, would be increased to 18 and 33 75 liters 
for the respective oxygen consumptions 

It is rational to hold that the concentration of the respiratory gases 
m the tissues at rest is best suited for the tissues, and that unless 
the minute volume of alveolar ventilation and the minute volume of 
blood increase in direct linear proportion to the consumption of oxygen 
or the excretion of carbon dioxid, the blood leaving the tissues will 
contain less oxygen and more carbon dioxid than is best for the well- 
being of the tissues Figure 1 shows graphically the optimal theo- 
retic relationship of respiration and circulation to metabolism as a curve, 

1 Bootby Am J Physiol 37 383, 1915 
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m which the abscissae represent work m terms of oxygen consumption, 
and the ordinates the minute volume of the circulation and respiration 
The volume of oxygen consumed and of air breathed during rest 
and during muscular efforUcan be measured accurately, but the mea- 
surement of the volume of blood passing thiough the lungs or heart 
m unit time is difficult and uncertain, since the methods used are 
indirect ones Using what is probably the best indirect method for such 
measurement, Krogh estimates that during extreme muscular effort 
his systolic output is about 12 liters per minute In an athlete he 
found a maximum of 21 liters Using as a standard the theoretic 
relationships among circulation, respiration and metabolism, as shown 
in Figure 1, I found in short experiments on myself that the volume 
of air breathed was greatly in excess of that theoretically required 
by the body when about 2,700 c c of oxygen were being consumed 
each minute Although no measurements were made on the volume 
of blood passing through the lungs, it is difficult to conceive of the 
heart as capable of discharging about 50 liters of blood per minute 
— the amount required theoretically, as shown in Figure 1 Since at 
this time the heart rate was about 160 per minute, a systolic output 
of over 300 c c would have been required 

Evidently, the volume of air breathed when high levels of oxygen 
consumption are established is greater than is theoretically required to 
maintain the resting concentration of the respiratory gases in the blood, 
while on the other hand, the volume of the blood discharged by the 
heart is less than the theoretic optimal value 

Certainly, the ability of the heart to increase the minute volume 
of blood is more limited than the ability of the body to use oxygen 
or to ventilate^the lungs, and the harmony normally existing among 
circulation, respiration and metabolism at rest may be disturbed by 
both physiologic and pathologic conditions For example, in the case 
just cited, the breathing which accompanied maximal physical effort 
was disproportionate to the volume of carbon dioxid excreted or the 
oxygen absorbed as compared with the normal ratio found at lest 
Cardiac dyspnea is another instance of the disturbance of this relation- 
ship Here we have evidence that there is a decrease m the mass 
movement of the blood, but there is only rarely a most moderate 
increase in the resting metabolism, and the minute volume of air 
respired is larger than in the normal resting man The phenomenon 
of getting out of breath is simply the reaction of the respnatory center 
to a blood supply which is not adequate to the metabolic needs of the 
body at the time In fact, the amount of work which a normal mate 
can do is not limited by his ability to utilize oxygen or to ventilate 
his lungs, but rather by the ability of the circulation to meet the demands 
of the tissues for oxygen and for the elimination of carbon dioxid 
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In view of the rather limited response which the heart can make 
to the demands of metabolism, it is well to determine what reserve 
elements of safety or degrees of elasticity may be present in the 
metabolic function, the heart’s output, the circulating blood, and the 
respiration to compensate for the heart's feebleness and make possible 
the maintenance of higher levels of work than we have shown to be 
theoretically best for tissue well-being 

METABOLISM 

/ 

In order to work, the tissues must be supplied with foodstuffs and 
with oxygen A limited amount of work can be done by muscle m 
an atmosphere of nitrogen, but in this case it is using its stored up 
energy, and fatigue products, such as lactic acid, collect m the muscle 
If oxygen is supplied to such a muscle, it is able to perform a consider- 
able amount of work again without replenishing its carbon supply 
There is evidently a small factor of safety m the pent up energy of 
muscle, supply of oxygen must be furnished it continually and its 
carbon dioxid removed immediately 

THE CARDIAC OUTPUT 

The tissues are dependent on the blood which is delivered by the 
heart for their metabolic exchange Unfortunately, the methods which 
have been devised to study this important question of physiology are 
not well adapted for clinical work, inasmuch as they are so difficult 
that even to obtain normal results is a great task The best data 
indicate that the resting cardiac output is from 4 to 5 liters per minute, 
and that at most this amount can be increased fourfold, ^nd this only in 
the case of trained athletes The result on the volume flow of blood 
of increasing the heart rate is dependent m the first instance on the 
venous pressure Increase m heart rate, without an increase in the 
venous pressure m large veins and auricles, resulting in better filling 
of the ventricles, has little or no effect on the cardiac output The 
greater the volume of blood delivered to the heart, the greater will 
be its output The optimum venous pressure is that which fills the 
ventricle during diastole to the maximum extent to which the ventricle 
is able to respond (Starling 2 ) As the rate of the heart is accelerated, 
the inflow of blood can be increased without overfilling the ventricles 
When a larger volume of blood is needed, the accessory factors which 
maintain the flow of blood m the veins, such as hydrostatic pressure, 
muscular contraction and muscle tone are, therefore, more important 

2 Starling Linacre Lecture on the Law of the Heart, New York, Long- 
mans Green and Co, 1915 
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The changes m force and rate of the ventricular contraction, which 
accompany increased effort, are the means by which the heart is able 
to deal with the increased volume of blood which is being delivered to 
it Such being the case, an increase in the heart rate can be effective 
m increasing the minute volume of the blood only as long as the length 
of diastole is sufficient to insure complete filling of the ventricle It 
has been found that rates over 150 or 160 do not increase the minute 
volume of blood 

THE BLOOD 

In the case of blood there is some elasticity in the amount of oxygen 
it can deliver to the tissues and likewise in the amount of carbon dioxid 
it can take up 

The arterial blood normally contains about 18 5 per cent by volume 
of oxygen — that is, 18 5 c c in 100 c c of blood — and it is estimated 
that the normal resting, organism on an average uses 5 5 per cent by 
volume in the capillaries Therefore, the individual has about 13 per 
cent by volume of unused oxygen in the blood returning to the lungs 
This amount is reserve oxygen, and in case of necessity the organism 
may use some of it Theoretically, it would be impossible to raise 
the oxygen consumption more than three and a third times (18 5 — 5 5 
= 3Ys), the normal resting figure, without increasing the minute volume 
of the blood However, even under the most extreme conditions, the 
blood does not lose all of the oxygen in the passage through the tissues 
Probably the amount of oxygen which each unit of blood contributes 
to the tissues never exceeds 13 per cent by volume, or from 2 to 2 5 
times the average amount 3 

If it is granted that the blood in the capillaries can give up 2 5 times 
the normal amount of oxygen, then when metabolism is increased 7 5 
times, as when running five and one half miles per hour, a blood-flow 
of 15 liters per minute would be required (37 5 — 2 5) With a heart 
rate of 120, each systole would need to expel 125 c c of blood This 
amount may not be impossible in the physically trained man, but it 
probably approaches the limit of the heart’s ability to expand When 
work is accomplished which requires ten times the resting consumption 
of oxygen, certainly the limitpf the heart’s ability to supply the required 
blood is reached in most individuals, and such strenuous work is impos- 
sible for any length of time 

In the case of carbon dioxid, we have a different mechanism for 
transportation from that with oxygen This gas is normally present 
in the blood in three states, viz , dissolved m water, making the weak 

3 Recent work by Lundsgaard on patients suffering with anemia indicates 
that in this disease the reserve oxygen may be almost entirely used, J Exper M 
30-147, 1919 
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acid carbonic , combined with sodium to form the carbonates and bicar- 
bonates, and is claimed by some to be loosely combined with protein 
The ratio of free to combined carbon dioxid by volume in arterial blood 
is about 1 to 20 In venous blood the ratio is less The amount of 
sodium bicarbonate is not a fixed quantity, it increases, as Zuntz first 
showed, when blood goes through the active tissues and decreases as 
blood loses carbon dioxid m the lungs Hamburger showed that the 
corpuscles, and to a less extent the proteins of the plasma, are able to 
absorb chlorin, thus liberating sodium to be combined with carbon 
dioxid when its pressure in the blood is increased, or to give up chlorin 
again to form sodium chlorid when the pressure of carbon dioxid is 
decreased and the acidity of the blood is increased At low carbon 
dioxid pressures there is relatively more of it bound with sodium m the 
blood than at high pressures of carbon dioxid Superventilation of the 
lungs will wash out the carbon dioxid of the blood, in which case the 
combined carbon dioxid will be decreased less rapidly than the free 
carbon dioxid, whereas, underventilation of the lungs would result in 
the opposite condition While the carbonate content of the blood varies 
considerably with the volume of respiration, the oxygen content is 
practically uninfluenced 

RESPIRATION 

Under conditions of rest and normal breathing the pressure of car- 
bon dioxid in the alveolar air of man is maintained at a fairly constant 
value in each individual, from which it deviates only slightly These 
facts were first established by Haldane and Priestley 4 Campbell, 
Douglas and Hobson 5 6 showed that an increase of 2 mm Hg in the 
alveolar tension of carbon dioxid is sufficient to double the amount of 
ventilation of the lungs Under ordinary conditions of rest, then, the 
amount of air breathed m a given time is so adjusted as to keep the 
alveolar tension of carbon dioxid practically constant Haldane and 
Priestley also showed that the alveolar tensions of oxygen may be 
varied widely by breathing atmospheres containing different percentages 
of oxygen, without sensibly affecting the amount of ventilation of the 
lungs Within wide limits, they believe the ventilation of the lungs 
is regulated by the alveolar tension of carbon dioxid, and is relatively 
independent of the alveolar tension of oxygen 

Krogh c and others have shown that the pressure of carbon dioxid 
in the alveolar air is nearly equal to that of the arterial blood It 
follows, therefore, that the carbon dioxid pressure in arterial blood is 
relatively constant This constancy of alveolar ventilation is generally 

4 Haldane and Priestley J Physiol 32 225, 1905 

5 Campbell, Douglas and Hobson Ibid 46 301, 1914 

6 Krogh Ibid 40 271, 1916 
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believed to be brought about through the regulation of breathing by 
the carbon dioxid pressure or hydrogen-ion concentration of the arterial 
blood acting on the respiratory center An increase in the carbon dioxid 
content of the blood raises the acidity and stimulates the center, which 
causes the volume of respiration to be increased, or vice versa 

The carbon dioxid pressure of the blood leaving the center is m 
equilibrium with the carbon dioxid of the cells of the center, and it 
is, therefore, evident that the carbon dioxid pressure of the venous 
blood leaving the center is the measure of the stimulus of respiration 
Any decrease m rate of blood-flow through the center will be followed 
by an increase in the carbon dioxid content of the blood coming to 
the center The constancy of the cat bon dioxid ptessute in the alveolar 
an ts, thetcfote, dependent on a constancy in the rate of blood-flozv 
though the cento It is more to the point to insist on the constancy 
of the pressure of carbon dioxid m the respiratory center than to lay 
so great stress on the constancy of alveolar ventilation and the carbon 
dioxid pressure of arterial blood, in which the constancy is only depen- 
dent on blood-flow, and approximate 

The important point to remember is that the ventilation of the lungs 
is governed primarily by the pressure of carbon dioxid or the hydrogen- 
ion concentration in the respiratory center Oxygen want, according 
to current teaching, is not important save in influencing the sensitivity 
of the centei 

A factor of safety in pt eventing a sut chat ging of the blood zvith 
carbon dioxid in case of a relatively inadequate cn dilation would lie 
in the fact that met eased ventilation will lower the carbon dioxid of 
the blood leaving the lungs, making it possible foi a less than noimal 
amount of blood to catty azvay the cat bon dioxid fot tiled in the tissues 
without having the partial pressure of cat bon dioxid in the tissues 
unduly increased However, increased ventilation of the lungs would 
add little to the oxygen which the arterial blood contains, and oxygen 
want, due to insufficiency of blood-flow, can be coincident with a prac- 
tically normal carbon dioxid content m the venous blood Superven- 
tilation can compensate for the inadequate blood-flow only zvith tefet- 
ence to the cat bon dioxid content of the tissues 

INTERRELATIONSHIP OF RESPIRATION, CIRCULATION AND 

METABOLISM 

From the above facts we have the following hypotheses 

1 If the ventilation of the lungs increases proportionately with the 
intensity of metabolism, we have presumptive evidence that the minute 
volume of the blood likewise has increased 

2 If the ventilation of the lungs is greater proportionately than 
the intensity of the metabolism, it is fair evidence that the circulation 
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of the blood is not adequate in maintaining an optimum carbon dioxid 
tension in the venous blood 

3 If the tension of carbon dioxid in the venous blood rises pro- 
portionately with the tension of the carbon dioxid in the alveolar air, 
we have fair evidence that the amount of carbon dioxid contributed 
by each unit of blood passing through the lungs is not greater than 
normal 

4 On the other hand, if the tension of carbon dioxid in the affluent 
blood of the lungs rises disproportionately to the tension of the alveolar 
carbon dioxid, we have fair evidence that the circulation of the blood 
is not adequate to maintain the optimal concentration of the respiratory 
gases in the tissues 

In other words, so long as the blood-flow and the respiration vary 
directly with the carbon dioxid production of the body, the fall of pres- 
sure of carbon dioxid in each drop of blood, in its passage through the 
lungs, is constant Any decrease or increase in the difference in the 
carbon dioxid pressure between the affluent and effluent blood of the 
lungs, providing metabolism remains unchanged, indicates an increase 
or decrease in the respective volume flows of blood in terms of the 
physiologic optimum 

These considerations, based on theoretic grounds, led me to perform 
experiments which I believe throw some light on the problem of the 
cardiac and respiratory response to work, and the cause of cardiac 
dyspnea They also have been the stimuli which have led to the devis- 
ing of a method for determining the ability of the circulatory and 
respiratory systems to respond to the demands of the gaseous metabo- 
lism of the body, and they furnish a rational test for the functional 
capacity of the heart based on cardiac output 

METHODS OF DETERMINING THE RELATIONSHIP EXISTING BETWEEN 
RESPIRATION, CIRCULATION AND METABOLISM 

In order to determine the validity of these hypotheses, it is necessary 
to estimate the volume of air ventilating the alveoli of the lungs at 
levels of oxygen consumption varying from that of rest to that of 
maximum effort The percentage of' carbon dioxid in the alveolar air 
at known levels of oxygen consumption must be determined, so that 
the pressure of carbon dioxid in the blood leaving the lungs may be 
estimated Likewise the pressure of carbon dioxid in the affluent blood 
— l e , the blood delivered by the right ventricle — must be known for 
the same respective levels of oxygen consumption 

Such an analysis of the respiration is most difficult Unlike the 
circulation, the respiratory function is modified whenever the attention 
is directed to it The respiratory rate can be quickened or slowed at 
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will, providing the ventilation of the alveoli is kept fairly uniform 
Putting a mask or a mouthpiece on the average man so disturbs the 
respiration that, except for study of the oxygen consumption, the results 
are usually uncertain In the individual accustomed to respiratory 
experiments, probably such criticisms do not apply if extreme care 
be taken Nevertheless a critical study of the literature bearing on the 
volume of respiration and the percentage composition of the alveolar 
gases, fails to impress one with the accuracy of existing methods used 
in this study I have endeavored to modify older methods and to 
devise new ones that are more accurate and applicable to the clinical 
study of the respiration, but the methods I have used are not above 
criticism Because my methods are something of an improvement, but 
more because by them I have obtained the data which bear on the 
above hypotheses, I present them here 

The minute volume of the respiration, the rate and depth of respira- 
tion, and the volume of the respiratory dead air space must be known 
in order to determine the volume of the alveolar ventilation In order 
to obtain this information I adopted the following procedure 

MINUTE VOLUME OF THE RESPIRATION 

/ 

The expired air was partitioned by valves made of intestinal mem- 
brane, which offered the least possible resistance to breathing and 
which connected with the mouth of the subject by a suitable mask The 
expired air was collected in a hundred liter spirometer of the Tissot 
type, which was counterpoised by an eccentric wheel m place of the 
syphon attachment used by Tissot The volume of each respiration, 
the rate of respiration, and the total volume of air respired in a unit 
of time were graphically recorded by means of a recording device on 
the spirometer, which wrote on the smoked paper of a kymograph, the 
drum of which was the same height as the bell of the spirometer Each 
respiration showed on the drum as an upward sloping line and each 
inspiration as a horizontal mark The volume of the respiration was 
the vertical distance between the horizontal lines of inspiration, cali- 
brated from the bell of the spirometer The time of the observation 
was marked by a recording clock, and the total number of breaths taken 
was determined by counting the number of horizontal lines representing 
inspiration 

The exercise chosen in our work consisted in walking or running 
on a movable sidewalk, which is run by an electric motor adjusted 
to various speeds In some experiments the rowing machine was used 
The oxygen consumed for the period of the observation was determined 
by analyzing the expired air collected in the spirometer and by the 
usual methods of calculation (Haldane) 
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THE MINUTE VOLUME OF ALVEOLAR VENTILATION 

The discussion as to the constancy of the dead air space in deep 
breathing between Haldane, Henderson, Krogh and Pearce and Hoover 7 
made further work on this point necessary The volume of the dead 
air space is relatively constant at ordinary levels of respiration It is 
only when large breaths are taken, as during forced effort in moderate 
and extreme exercise, that variation in the dead air space is found 
In these cases, however, the increase is relatively unimportant compared 
with the great increase in the alveolar ventilation Using a new method 
for the estimation of the dead air space, I have been able to show 
graphically the variation m the dead air space in two individuals when 
different volumes of air are respired The details of this method and 
the arguments pertaining thereto will be published later 8 

The importance of this curve representing the variation in the dead 
air space lies m the fact that, if it be approximately correct, the volume 
of the dead air space for any given depth of respiration can be deter- 
mined This being known, the volume of the alveolar ventilation can 
be computed by subtracting from the total respired air the volume of 
the dead air space multiplied by the number of respirations taken for 
the observation If the dead space air is known, together with the 
volume of the expired air, the number of respirations in the time of 
the observation, and the percentage composition of the expired air, 
the percentage of gaseous composition of the expired air can be deter- 
mined by the formula of Bohr, which reads 

(Percentage carbon dioxid in expired air) X (Volume expired air) __ 
Volume of expired air — Volume of dead space air 
Percentage carbon dioxid in alveolar air 

In an earlier paper I described a method of estimating the per- 
centage composition of the alveolar air, which is accurate m principle 
but difficult in procedure Since I have obtained equally good results 
by the method described, I feel that, provided the respirations are 
as deep as 2 5 times the volume of the dead air space, the percentage 
composition of the alveolar gases can be more accurately determined 
by calculating, from the percentage composition of the expired air, the 
volume of the respirations and the estimated dead air space 

CARBON DIOXID PRESSURE IN ARTERIAL BLOOD 

The work of Haldane, of Barcroft, and of Krogh and Krogh has 
shown fairly conclusively that the pressure of carbon dioxid in the 
arterial blood is practically that present m the alveolar air Hence it 

7 Pearce and Hoover Am J Physiol 44 391, 1917 

8 Pearce and Hoover Am J Physiol 52 472, 1920 
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is possible to determine indirectly the pressure of carbon dioxid in 
arterial blood by determining the percentage composition of the alveolar 
air 

CARBON DIOXID PRESSURE IN VENOUS OR AFFLUENT BLOOD 

OF THE LUNGS 

Christiansen, Douglas and Haldane , 9 using the lungs as an aeroto- 
nometer, determined the composition of the alveolar air after holding 
m the lungs mixtures of air containing various percentages of carbon 
dioxid They found that, when percentages of carbon dioxid in the 
inspired mixtures were below a certain value, the percentages of carbon 
dioxid in the end air of the expiration were above those present in the 
inspired mixtures, while if the percentage of carbon dioxid in the 
inspired mixture was above this value, the carbon dioxid in the end 
air of the expiration was less than that in the mixture They found 
that the values obtained tended to become constant, and concluded that 
this value represented the carbon dioxid pressure in the venous blood 
They also found that it was impossible to determine the equilibrium 
point between the carbon dioxid pressure of blood and alveolar air 
by holding the breath Boothby and Samford 1 used this method and 
obtained results similar to those of Christiansen, Douglas and Haldane 
Wardlaw 10 found that the carbon dioxid pressure in the alveolar air 
when the breath was held did not reach as high a value as it did when 
the subject rebreathed the air for an equal length of time Laurens 13 
confirmed the work of Wardlaw Henderson and Haggard 12 found 
that, by rebreathing the same air for a number of times but with a 
period of normal respiration between rebreathings, the carbon dioxid 
content of the rebreathed air tended to reach a fixed and constant value 
From these results, we may conclude that the point of equilibrium 
between the affluent blood of the lungs and the air of the lungs can 
be reached If this point is to represent the normal value of the venous 
carbon dioxid pressure, the time taken for the observation must be 
less than the time taken for a complete circulation of the blood 

Criticism of Eailiei Work — I have spent considerable time attempt- 
ing to devise a rapid and accurate clinical method of determining the 
pressure of carbon dioxid in the affluent blood of the lungs On some 
points I have been unable to confirm the results of other investigators 
For instance, while the subject is at rest, I have found that, if all 
but the last portion of the expired air be expired and then the breath 
be held for about twenty seconds, the sample of air taken at the end 

9 Christian, Douglas and Haldane J Physiol 47 244 1914 

10 Wardlaw Proc Linn 1 Soc New South Wales 41 786, 1916 

11 Laurens Am J Physiol 46 147, 1918 

12 Henderson and Prince J Biol Chem 32 325, 1918 
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of a forced expiration, m which the remaining complemental air is 
expired, has a very constant carbon dioxid pressure In my own 
case it is 0 07 ± 0 001 atmospheres Furthermore, this same percentage 
is obtained when the remaining complemental air is drawn back and 
forth into the lungs for twenty seconds and a sample of air is taken 
On another subject a slightly different experiment was done In 
this case, following a normal inspiration, the breath was held for 40 
seconds and then expired, and a sample of the end air was taken 
It contained 7 per cent carbon dioxid The experiment was repeated 
with this change, that the subject breathed back and forth into and 
out of an empty bag, following a normal inspiration from the atmos- 
phere, and at the end of the period a sample of the end of a forced 
expiration was taken Seven per cent of carbon dioxid was found 
In fact, I could find no difference in the pressure of carbon dioxid 
present in the lungs when forced breathing efforts are made and when 
the air is simply held m the lungs In order to put this to a further 
test, following a forced expiration, I inspired 1,600 cc of' a mixture 
of 8 per cent carbon dioxid and air, and in one case held it for ten 
seconds and then expired slowly, taking samples of air from the tube 
near my mouth when I had expired 400, 700, 1,000, and to my limit, 
and m the other case, I took samples of air from the end of forced 
expiration, following the rebreathmg of the mixture each five seconds 
The final result was 7 per cent carbon dioxid in the end air in both 
cases I was able to obtain the same percentage of carbon dioxid in 
end samples of air expired when rebreathmg was done into and out 
of a bag, as recommended by Henderson, each rebreathmg being inter- 
rupted with a period of normal breathing In order to obtain this 
result, it is necessary, however, that the lungs be not superventilated 
before each breathing For example, if, m place of a normal inspira- 
tion before each rebreathmg, an inspiration of twice or more the volume 
of a normal inspiration is made, the carbon dioxid m the end air of 
the following forced expiration, no matter how many times the air 
is rebreathed intermittently, never reaches as high a pressure This 
is due to the fact that the deepened inspiration preceding the rebreathmg 
lowers the carbon dioxid pressure in the lung air so much that a 
longer time than that taken by the experiment is required to build 
the carbon dioxid pressure of the alveolar air to that of the venous 
blood For this reason, in pathologic conditions where hyperpnea is 
present, Henderson’s method may give lower values for venous carbon 
dioxid pressures than are actually present 

After satisfying myself that the rebreathmg of air containing a 
percentage of carbon dioxid did not change the tension of the final 
equilibrium point between the affluent blood and the lung air, and 
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that for a clinical method it was unsafe to use the expired air as 
the mixture of air with which to determine the tension of the affluent 
blood, I decided to use the method employed by Christiansen, Douglas 
and Haldane, but to use a modified technic 


METHOD OF ESTIMATING CARBON DIOXID PRESSURE IN AFFLUENT 

BLOOD OF LUNGS 

The apparatus consists of a rubber bag having a capacity of 2,000 
c c , which connects with a manifold, the outlets of which allow samples 
of air to be withdrawn into Luer syringes This manifold in turn 
connects with a three-way stopcock, one opening of which connects with 
a mouthpiece while the other opening is free The bag has an opening 
m it for the withdrawal of samples of air for analysis, and another 
connecting with a three-way stopcock, which in turn connects with 


TABLE 1 — Comparison of Results from Inspiring Various Percentages of 
Carbon Dioxid in Obtaining Tensions of Carbon Dioxid in 
Equilibrium with the Affluent Blood of the Lung 


Conditions of Experiment 

Per Cent 
CO 2 in 
Mixtures 
of Air 
Inspired 

First 

Rebreath 

’ng, 

per Cent 
COa 

Second 

Rebreath- 

ing, 

per Cent 
COa 

Third 

Rebrcath 

ing, 

per Cent 
COa 



48 

60 

63 

65 



72 

62 

64 

665 



75 

6 72 

0 88 

6 93 



88 

68 

6 95 

6 90 



89 

70 

6 95 

6 95 

Rest of 5 mm preceding observation 


95 

70 

70 

70 



10 0 

76 

760 

7 20 



10 4 

717 

7 20 

715 



12 5 

750 

760 

730 



14 0 

8 20 

780 

7 60 



160 

800 

780 

7 40 

Walk of 1/ 20" 


790 

760 

760 

790 

Walk of 2 r 22" 


10 02 

817 

812 

815 

Walk of 2/ 18" 


12 5 

8 80 

800 

7 98 

Walk of 1/ 23" 


15 0 

86 

8 35 

8 05 

Walk of 1' 30" 


10 0 

90 

9 20 

9 20 

Walk of 1' 30" 


15 0 

98 

9 20 



Distance walked, 230 yards in each case 

Total time required from the beginning of the preceding forced expiration to the time of 
taking the last sample varies between 12 and 18 seconds 


two syringes, which are used for filling the bag with a mixture of 
air and carbon dioxid The larger of these syringes has a capacity 
of 360 c c , the smaller one is graduated and delivers 100 c c Four 
barrels of air from the large syringe, 1,360 cc, are metered into the 
bag, and the proper amount of carbon dioxid to make up the desired 
concentration of carbon dioxid is metered in by the small graduated 
syringe After the subject has reached respiratory equilibrium, his 
nose being stopped with a clip, he expires quickly and forcibly to his 
residual air through the open cock, the cock is then quickly turned 
to connect with the bag, and the mixture of carbon dioxid and air 
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is drawn into the lungs There it is held for four seconds and then 
expired back into the bag, a sample of the end of the expiration being 
drawn into one of the syringes connected with the manifold The 
air is immediately drawn back into the lungs and again expired, 
another sample being taken This process is continued till three or 
four samples of air have been taken The carbon dioxid content of 
the two samples of alveolar air thus obtained is then determined by 
a Haldane gas apparatus It is surprising with what rapidity equi- 
librium is established between the mixtures of air in the different 
expirations 

In Table 1 are given the results of an investigation as to the effect 
of different concentrations of carbon dioxid in the inspired mixture 
on the equilibrium point of carbon dioxid pressure in blood and 
alveolar air 

From data obtained by the above methods, we can estimate, indi- 
rectly, to be sure, but none the less accurately, the fall in pressure of 
carbon dioxid which occurs in the blood while passing through the 
lungs, and the alveolar ventilation at different levels of bodily activity 
as measured by the oxygen consumption By comparing the average 
fall in pressure of carbon dioxid in the blood of the lungs and the 
alveolar ventilation of the average normal individual at different levels 
of oxygen consumption, with those obtained in subjects suffering from 
cardiac or respiratory impairment" at the level of their oxygen con- 
sumption, we can evaluate the degree of the disability of their cardio- 
respiratory mechanism 

We have determined the fall of carbon dioxid pressure and alveolar 
ventilation at different levels of oxygen consumption in normal subjects 
and also in patients suffering with cardiorespiratory disease In Table 
2 are given the data secured in the case of R G P , and H P , a 
suspected cardiac case The significant data in these cases and in a 
number of others have been graphically drawn in Curves 2, 3, 4 and 5 

In these curves the ordinates represent the minute volume of the 
ventilation and the percentage of carbon dioxid found in the alveolar 
air or that in equilibrium with the affluent blood of the lungs The 
abscissae represent the oxygen consumption per minute The mmute 
volume of the alveolar ventilation and the percentage of carbon dioxid 
found in the alveolar air and that in equilibrium with the blood returning 
to the lungs when at rest, are considered as being the optimum for 
maintaining tissue well-being This being the case, the resting minute 
alveolar ventilation should be increased 1,000 per cent when the metabo- 
lism is increased 1,000 per cent The line representing the theoretical 
optimum based on this standard is drawn as line 1 
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Campbell, Douglas and Hobson 5 found that the alveolar ventilation 
was increased by an amount equal to the original resting mmute volume 
whenever the concentration of carbon dioxid m the alveolar air rose 
0 2 per cent This means, when metabolism is increased 1,000 per cent , 
providing the blood-flow increases proportionately with the gaseous 
demands of the body, that there should be an increase of 2 per cent 
of carbon dioxid pressure in the alveolar air The carbon dioxid 


CURVE i 



REST WALWN5 RUNNING 

Of MILES 5 i MILES 

PER HR PER HR 

OKYGErl COMSUMPTIOM 


pressure of the blood returning to the lungs would also be 2 per 
cent higher than at rest These theoretic optimal values are shown on 
the curves as lines 2 and 3 

Lines 1', 2' and 3' represent, respectively, the actual minute volume 
of alveolar ventilation, the alveolar carbon dioxid pressure and the 
pressure of carbon dioxid in equilibrium with the venous blood found 
in experiments as given in Table 2 
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The curves show that the ventilation of the lung rises proportionately 
with the intensity of the metabolism at low levels of metabolism This 
confirms Boothby’s work 1 At higher levels of metabolism, however, 
the minute volume of the alveolar ventilation is disproportionately large 
In the introductory pages of this essay we have given the theoretic 
reasons for believing that the disproportionate increase in the minute 



volume of the alveolar ventilation is inferential evidence of a circulation 

9 

inadequate to maintain tissue well-being Superventilation of the lungs 
decreases the amount of carbon dioxid present m the effluent or the 
arterial blood, which, when passing through the tissues, can take up 
a larger than the usual amount of carbon dioxid without becoming 
surcharged 
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Contributory evidence on this point is afforded by an examination 
of the behavior of the carbon dioxid pressure in the alveolar air and 
that in equilibrium with the affluent blood of the' lungs at various 
levels of exercise As long as lines 2 and 2 ' and 3 and 3' coincide, 
we have inferential evidence that the volume flow of blood has varied 
directly with the gaseous demands of the tissues When the fall of 



OXVQCN CONSUMPTION PER MINUTE 


pressure between the blood entering and that leaving the lungs is 
increased above that normally found, it means that each unit of blood 
is contributing a larger than normal volume of carbon dioxid to the 
lung air This fall of pressure is represented on the curves by the 
perpendicular distance between lines 2 ' and 3' at any level of oxygen 
consumption The greater the fall of pressure in the carbon dioxid 
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of the blood passing through the lungs, metabolism remaining constant, 
the less the volume of blood passing through the lungs 

Measurement of the cardiac output can never be based on direct 
measurement Here is an inferential method for measuring the relative 
ability of the heart to maintain the gaseous exchange of the tissues 
The volume of the ventilating air is subject to great change, for it 



oxysen consumption per minute 


is determined by the balance between the gaseous needs of the body 
and the transporting facilities which the blood offers to oxygen and 
carbon dioxid Circulation, respiration and metabolism represent a 
physiologic trinity, metabolism being the supreme, but dependent abso- 
lutely on the functioning of the others As long as metabolism, ven- 
tilation and circulation vary directly with each other, health and comfort 
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are found When they vary disproportionately, they must be said to 
form no longer a unified trinity, but rather a tragic triology In the 
experiments cited, comfort and the ability to do sustained work were 
present so long as metabolism, ventilation and the minute volume of 
blood, measured mferentially by the pressure drop of the carbon dioxid 
which occurred m the lungs, varied directly with each other Hyperp- 



nea, faintness, fatigue and inability to do work were present when 
the ventilation of the lungs was disproportionately great as compared 
with the metabolism, and the pressure drop of carbon dioxid in the 
blood passing through the lungs became greater than normal 

In fact, there is apparently no difference, from the physiologic stand- 
point, between a patient with uncomplicated cardiac incompetence and 
a man working beyond the ability of the heart to vary its output directly 
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with the metabolic needs of the body In the one case the heart’s 
weakness is so great that even the task of living is a strain In the 
other, the task of living at a high level of energy output throws a 
strain on the heart which it is not capable of maintaining for any 
period of time 

THE CARDIORESPIRATORY MECHANISM IN DISEASE 

Using this method, I have examined a number of pathologic cardiac 
conditions, and find that I have secured some rather direct evidence 
on the relationship of cardiac output to the ventilation of the lungs at 
known levels of oxygen consumption, as given in the four hypotheses 
mentioned before 

The length of this paper precludes giving all the data which I 
have collected in my work I can present here only a few selected 
cases which illustrate abnormalities in the cardio-ventilatory mechanism 

In Table 2 and Curve II (Fig 2) are given the results which I 
have already discussed 

Case 1 — R G P (myself), is a man of average physical endurance He 
is unaware of having any cardiorespiratory disability This test applied to 
about ten soldiers showed that he gave average results A former prize fighter 
who was examined was found able to do work requiring 3,000 c c of oxygen 
a minute for nine minutes, and at the end of that time the pressure drop 
between the affluent and the effluent blood in his lungs was equal to 6 per cent 
of carbon dioxid, the same as that present in the case of R G P when using 
2,300 cc of oxygen per minute 

Case 2 — The second subject (H P ), given m Table 2, is a young man, a 
former Princeton athletic star, who was refused entrance into the army on 
account of cardiac enlargement and a high blood pressure (Fig 3) The 
heart was not enlarged but occupied a low position in the thorax, and the high 
blood pressure was due to excitement His diastolic pressure was not increased 
A comparison of his curve to that of R G P shows that if anything, H P 
is able to do a like amount of work with less hyperpnea and a greater cardiac 
output than R G P (the vertical distance between line 2' and 3', the carbon 
dioxid pressure in the effluent and affluent blood, is not so great at the same 
levels of oxygen consumption as in R G P ) He was later admitted to 
the army and served in France one year with the First Division He pre- 
sented himself at the laboratory a few days ago and appeared perfectly well 

The Effort Synch ome — The next case is that of a young man who 
claimed military exemption on account of heart disease, for which he 
presented his doctor’s certificate 

Case 3 — Physical examination revealed no organic signs of cardiac disease 
His pulse was 85 and his respiratory rate was 30 and above, even when at 
rest He complained of weakness and faintness on exertion He impressed 
one as having the so-called effort syndrome I found that he was able to do 
a rather large amount of work, without any indication of failure of his heart 
to pump the amount of blood necessary to prevent it from being surcharged 
with carbon dioxid, when it returned to the lungs after passage through the 
tissues On Curve 3 is drawn the minute volume of the alveolar ventilation 
and the percentage of carbon dioxid in the alveolar air and that m equilibrium 
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with the affluent blood of the lungs at different levels of metabolism The 
pressure drop between his affluent and effluent blood (distance between lines 
2' and 3') (Curve 4, Fig 4) is not greater than in the case of R G P or 
H P His respiratory rate, however, was increased to over 50 when doing 
work requiring 2,200 cc of oxygen per minute This shallow breathing may 
have resulted in an uneven ventilation of his lungs, as suggested by Haldane, 
Meakins and Priestley recently, and have produced a relative anoxemia which 
accounted for his faintness on exertion The curve shows that, when using 
about 1,700 c c of oxygen per minute, the volume of his alveolar ventilation, 
m spite of the rapid and seemingly large total ventilation, is less than theory 
demands (compare line 1 and line 1') 

The next case is interesting since it presents one of the shortcomings 
of the method when applied to clinical conditions which affect the 
ventilatory function of the lungs 

Case 4 — Mr C, a British soldier, who was gassed with chlorin in the 
second gas attack of the war, had experienced a very checkered military and 
hospital career Physical examination failed to reveal any impairment in the 
lungs, save some moist rales and bronchitis, which was much worse on wet 
days The disability was so small, however, that there was doubt whether he 
was entitled to a pension Indeed, it had been suggested that he was feigning 
incompetency to escape further military service His respiratory response to 
work was far inferior to that of the normal R G P The minute volume of 
the ventilation of the lungs at low levels of work compares to that of R G P 
at high levels The carbon dioxid pressure in the affluent blood of the lungs 
did not rise, however, in a proportionate degree, and the percentage of carbon 
dioxid in the expired air and likewise in the alveolar air, on account of the 
hyperpnea, was greatly reduced (Curve V, Fig 5) Evidently there was a 
great pressure drop, m the carbon dioxid of the blood passing through the 
lungs, but this was not due primarily to the increased carbon dioxid pres- 
sure of the affluent blood but rather to the decreased pressure of the carbon 
dioxid in the affluent blood as modified by the low pressure of alveolar air 
How can we account for this condition ? It is easily explained on the assump- 
tion that the fluid present in some of tile fine bronchi and alveoli did not 
allow free exchange of the respiratory gases to the blood passing through 
their walls The blood reaching the left heart was therefore a mixture of 
blood which has been imperfectly aerated and that which has passed through 
the walls of normal alveoli and been adequately ventilated Indeed, the blood 
which has passed over the normal air sacs was better than normally venti- 
lated, its carbon dioxid pressure was reduced below that normally present, 
but its oxygen content was not changed, since superventilation of the lungs 
adds little if any to the oxygen which is present m arterial blood This blood, 
low m carbon dioxid, reaching the left heart, mixes with the blood which 
has not been properly aerated in the air sacs full of moisture, and the result- 
ing mixture may be a blood having a normal carbon dioxid content for 
arterial blood but a low oxygen content The low oxygen content is due to 
the fact that, in spite of the hyperventilation, the blood passing over the 
normal air sacs takes up only the usual amount of oxygen and cannot share 
with the blood which has not been oxygenated in the diseased air sacs, without 
itself being under-oxygenated as the result 

Congenital Heart Disease — A cardiorespiratory condition very simi- 
lar to that which we believe existed m this gassed soldier must be 
present m~ cases of congenital heart disease where blood passes from 
the right to the left heart without being aerated m the lungs I have 
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studied three cases of congenital heart disease In all I have found 
a large minute volume of air when the subjects were at rest I also 
found a low percentage of carbon dioxid in tbe alveolar air The 
pressure of carbon dioxid m the affluent blood of the lungs, howe\er, 
was practically the same as in boys of the same age 

I believe that these findings give inferential evidence that theie was 
small blood-flow through the lungs, and suggest that blood other than 
that which has passed over functional lung epithelium is entering the 
left ventricle The blood which entered the lungs was more completely 
freed of carbon dioxid than in the normal boy This blood left the 
lungs carrying a full load of oxygen and less than the usual amount of 
carbon dioxid On reaching the left heart, it mixed with blood coming 
from the right heart through the abnormal connection This blood 
was venous blood having a high carbon dioxid and low oxygen content 
The result of the mixture was a blood probably almost noimal with 
reference to its carbon dioxid content but less than the normal oxygen 
content 

These subjects had potentially a condition of carbon dioxid acidosis, 
which they compensated for by overventilating the blood which passes 
through the lungs, so that the blood which departed from the left 
heart might have a normal carbon dioxid content In the case of oxy- 
gen no compensation can take place, for the blood leaving the lungs 
caines all the oxygen it can hold and the mixture of aerated and 
unaerated blood in the left ventricle is more venous or blue than is 
normal arterial blood The boys had no air hunger, but their ability 
to run and play was more limited than m the normal child 

Lobai Pneumonia — A somewhat sinnlai explanation can be given 
for the presence of cyanosis in pneumonia, providing the pathologic 
process which destroys the respiratory membrane and makes the 
exchange of gas impossible precedes the closing off of the pulmonary 
vessels Such a condition would give physiologically the same con- 
ditions as are present in congenital heart disease The blood entering 
the left ventricle in this case would be a mixture of venous blood from 
the diseased area and arterial blood from the sound area of the lungs 

The respiratory center, responding to the increase of the carbon 
dioxid content of the blood, increases the minute volume of air respired 
and lowers the carbon dioxid tension m the arterial blood This would 
tend to make the carbon dioxid concentration of the blood normal, 
but the oxygen content would be determined by the relative amounts 
of venous and arterial blood being delivered to the left ventricle It 
would always be less than normal, since there is no possible mechanism 
to increase materially the amount of oxygen which the blood will take 
up Such a condition can exist without evidence of air hunger or 
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respiratory distress as long as the oxygen supply is sufficient How- 
ever, cyanosis would be present, since the capillary blood is not saturated 
with oxygen As the disease progresses, the circulation through the 
involved lungs becomes less and less and cyanosis disappears 

In several cases of pneumonia in which cyanosis was present without 
signs of cardiac impairment or air hunger, I have noted a rather large 
minute volume of respiration and a correspondingly low percentage 
of carbon dioxid m the alveolar air Unfortunately, these subjects 
were too ill to warrant their breathing mixtures of carbon dioxid for 
the determination of the pressure of the carbon dioxid m tbe affluent 
blood of the lungs Estimation of the carbonates in their blood plasma 
by Van Slyke’s method did not show a sufficient reduction to account 
for the increased ventilation on the basis of an acidosis Oxygen 
inhalation did not relieve the cyanosis In the greater number of pneu- 
monias, seen late in the disease and without cardiac impairment, the 
minute volume of air is not large, and the carbon dioxid pressure m 
the alveolar air agrees with the plasma carbonates Cyanosis in these 
cases is not marked 

Especially interesting is one case which I saw twenty-four hours 
after the onset of the attack 

Case 5 — The right base was dull, with high-pitched bronchial breathing 
Respirations were 28 to the minute, pulse 115, and temperature 104 F The 
man appeared to be very ill, but was able to cooperate with me and was 
fairly comfortable He had no signs of cardiac impairment and the blood 
pressure was 135 systolic and 85 diastolic The most noticeable thing about 
him was the intense cyanosis, which was present without symptoms of respira- 
tory distress 

Examination of the carbon dioxid capacity of the blood by the Van Slyke 
method showed practically a normal blood carbonate reserve, and the alveolar 
air as estimated by my method gave 37 5 mm Hg carbon dioxid pressure 
His alveolar carbon dioxid determined by my method was 26 mm The fol- 
lowing day his general condition was much worse The right upper was 
consolidated, his temperature 105 F , pulse 140, and Ins blood pressure a 
little lower His cyanosis had disappeared He was irrational, and I could 
not obtain a sample of air for carbon dioxid determination of the alveolar air, 
His blood carbonates were, however, the same as the day before 

I believe that, in these cases of pneumonia which I have described, 
one portion of the blood circulation through the pulmonary vessels 
consists of blood which has been superventilated, while another portion 
which passes through the diseased area is unventilated Therefore 
the confluence of the total blood in the left auricle gives a mixture of 
superventilated blood and unrespired blood This will give a total 
result of an aortic blood which will have a fairly normal amount of 
carbon dioxid but a low amount of oxygen The lack of oxygen is 
responsible for the cyanosis 
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Btoiichial Pneumonia — The cyanosis of bronchial pneumonia may 
be explained on similar grounds The bubbles of moisture which fill 
many alveoli prevent the free gas exchange of the blood passing through 
their capillaries The air filling these bubbles soon comes into gaseous 
equilibrium with that of the blood entering the lungs Thus a con- 
dition somewhat akin to that present in congenital heart disease occurs 
ITyperpnea will reduce the carbon dioxid pressure of blood passing 
through the normal alveoli to a point which will compensate for the 
high carbon dioxid pressure m the blood coming from the edematous 
alveoli, but cyanosis is present because no such compensating measure 
can supply oxygen I have found that the administration of oxygen 
to such patients will relieve the cyanosis but not the air hunger Air 
hunger is caused primarily by the presence of too much carbon dioxid 
in the blood Oxygen want is not a very adequate stimulus to the 
respiration The reason that oxygen relieves the cyanosis in these cases 
and not m congenital heart disease or in lobar pneumonia is that in the 
latter cases the blood passes through an abnormal opening to the left 
heart, or through alveolar walls completely filled with exudate, and 
no change of gas is possible In bronchial pneumonia the breathing 
of oxygen will change the gas in the bubbles from nitrogen with a 
pressure of oxygen and carbon dioxid equal to that in the venous blood, 
to oxygen with the same pressure of carbon dioxid as was present 
with the nitrogen This high pressure of oxygen is sufficient to oxy- 
genate the blood passing over the alveolus and the cyanosis is relieved 
However, no subjective relief is noted, since the carbon dioxid exchange 
is not altered 

From these it is quite evident that analysis of the cardiorespiratory 
phenomena by the methods proposed fails to give accurate information 
concerning the volume output of the heart in cases where the lung 
as a whole does not serve as a perfect and complete tonometer In 
spite of this, valuable inferential evidence as to the amount of blood 
actually passing through the functional lung is obtained 

Cardiac Decompensation — In several cases of uncomplicated cardiac 
disease in which decompensation was present, I have found that the 
minute volume of the ventilating air has been greatly increased, and 
that the percentage of carbon dioxid in the affluent blood of the lungs, 
as taken by the method we propose, was a little raised The metabo- 
lism of such patients was not increased more than from 15 to 25 
per cent above the normal resting value In these cases there was no 
marked lowering of the total blood carbonates, and as the heart com- 
pensated by rest m bed and treatment, the minute volume of the \ enti- 
lation, and the pressure of carbon dioxid m the alveolar air and that 
in equilibrium with the affluent blood of the lungs, again approached 
normal 
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Case 6 — A Mr M was admitted to the wards complaining of shortness 
of breath He had some air hunger on moderate exertion Physical exam- 
ination showed a dilated right heart, an enlarged left heart and pulmonary 
insufficiency The diagnosis was syphilitic aortitis and myocarditis and pul- 
monary insufficiency 

His volume of alveolar ventilation at rest was 12 liters per minute His 
oxygen consumption was 276 c c per minute The carbon dioxid in his alve- 
olar air we estimated at 25 mm Hg His blood failed to show evidence of 
acidosis, while his alveolar air indicated that it was present His venous 
carbon dioxid pressure, as determined by our method, was 58 mm Hg The 
wide difference between the pressure of carbon dioxid in his arterial and his 
venous blood indicates that the blood which was passing through his lungs 
was being superventilated In this patient the blood entering the lungs bore 
a little more than the normal resting load of carbon dioxid, but it left the 
lung with a less than normal amount of carbon dioxid It entered with a 
carbon dioxid pressure of 58 mm and left with a carbon dioxid pressure of 25 
Since his blood was approximately normal in its capacity to carry carbon 
dioxid, we may compute from the above data, together with a determination 
of his total respiratory exchange, the minute blood-flow through his lungs from 
the data furnished by Christiansen, Douglas and Haldane® on the relation- 
ship between the oxygen and carbon dioxid content of the blood Each 100 c c 
of blood which passed through this man’s lung lost at least 12 c c of carbon 
dioxid The normal figure given by most authorities is 6 c c This figure, 
taken together with the total carbon dioxid eliminated by the patient per 
minute, which in this case was a normal figure, gives him a minute cardiac 
output of about 3 liters, which is about half the calculated normal figure 

Because of the small amount of blood which passes through the 
respiratory center, the metabolism of the respiratory center itself would 
cause the tension of carbon dioxid to be raised above a normal level 
unless the blood entering it is capable of carrying away more carbon 
dioxid than it does under normal conditions 

On Curve III (Fig 3) are drawn as circles the relationship found 
among the minute volume of the alveolar ventilation (Circle B), the 
pressure of carbon dioxid m the alveolar air (Circle C) and the pressure 
of carbon dioxid m the affluent blood of the lungs (Circle A) at the 
resting metabolism of this patient The linear distance between Circle 
A and Circle C represents a pressure drop of 33 mm in the carbon 
dioxid pressure m the blood, while passing through the lungs, whereas 
the normal carbon dioxid pressure drop m the blood passing through 
the lungs is 14 mm , which is represented by the linear distance between 
line 3 and 2 on this curve The minute volume of the lespiration m 
this case was twice that of the normal resting individual and m spite 
of this increased ventilation there was a marked increase m the carbon 
'dioxid pressure m the affluent blood of the lungs and in the tissues 
of the body In this case, the cardiac dyspnea was undoubtedly due 
to a carbon dioxid storage in the tissues and may be termed a carbon 
dioxid acidosis, the difficulty being due to inadequate volume of the 
blood flowing through the tissues 
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This paper has been withheld from publication foi more than a 
year because Dr R W Scott, a former colleague of mine, believed 
he had good evidence that the carbon dioxid content of arterial blood 
in cardiac decompensated cases in spite of the hyperpnea, which was 
present, was greater than normal This corresponds to Peteis’ belief 
that the cause of cardiac dyspnea is the failure to establish an equi- 
librium between the carbon dioxid pressure in the affluent blood in the 
lungs and the alveolar air Dr Scott recently informed me that he 
had, by direct analysis of the arterial blood in six uncomplicated decom- 
pensated heart patients, obtained quite contrary findings and that he 
believed he had evidence that there was no difficulty in the establishment 
of an equilibrium between the carbon dioxid pressure of the affluent 
blood of the lungs and the alveolar air Inasmuch as the use of indirect 
methods which I have employed in my work depends on the blood of 
such an equilibrium to be established, I wish to express my thanks to 
Dr Scott for clearing up this point 

Pulmonary Stenoiii — I saw an interesting case of pulmonary ste- 
nosis in consultation with Dr Christie 

Case 7 — The lad was 16 years old For the past three years he had noted 
that he was short of breath when he exerted himself, and he never could play 
like other hoys on account of his lack of wind He had a dilated right heart, 
hut little, if any, increase in the size of the left heart He had a marked 
pulsation over the base of the heart He was a little cyanotic, especially 
about his lips and nostrils The results of his cardiorespiratory examination 
are given m Curve V (Fig 5) He had a drop of 3 6 per cent in the carbon 
dioxid pressure of Ins blood while passing through the lungs, and a large 
resting alveolar ventilation The average normal drop in carbon dioxid pres- 
sure in the lung I believe was about 2 per cent His inability to exercise was 
due to his heart being unable to increase the volume of blood which is required 
This is shown by the fact that, when he was walking about 2 J A miles an 
hour, the drop in pressure of the carbon dioxid in lus blood passing through 
the lungs was 5 3 per cent of an atmosphere, and his minute volume of air 
respired was also disproportionately great for the intensity of metabolism 

Auricular Fibrillation — It was impossible to secure data on this 
man when taking moderate exercise I feel certain that effort would 
have shown his heart not capable of much compensation 

Case 8 — This patient had suffered from cardiac disease for jears At the 
tunc of the examination his heart was fibrillating, but the patient was \ cry 
comfortable He respired 95 liters per minute His alveolar air contained 
4 4 per cent carbon dioxid, and the blood entering the lungs contained a 
pressure of carbon dioxid equal to 7 per cent of an atmosphere The drop of 
carbon dioxid pressure in the blood passing through the lungs was a little 
greater than normally found — 2 6 in place of 2 per cent 

Anemia — A case of congenital hemolytic jaundice was studied by 
the method I have developed, with interesting results 
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Case 9 — The blood count was 2,500,000 A loud venous hum could be heard 
over the jugular vein The cardiorespiratory function, however, was appar- 
ently not disturbed, for he breathed a normal minute volume of air, and the 
drop of pressure m the carbon dioxid of the blood passing through the lungs 
was normal for the level of metabolism studied 


Thus observation confirms the statement of Lundsgaard that m 
anemia the blood-flow is not affected when The anemia is not too severe 

Hypothy > oidism — One case was studied 

Case 10 — A woman who had suffered from exophthalmic goiter for a 
number of years came to the hospital for a study of her basal metabolism 
It was found that she had a subnormal metabolism Other features of the 
case led me to diagnose the case as a moderate case of thyreopriva The 
minute volume of air was reduced, being 4 6 liters per minute The basal 
metabolism was 27 calories per square meter of body surface, a reduction of 
about 30 per cent from normal The percentage of carbon dioxid m the 
alveolar air and m air m equilibrium with the affluent blood of the lungs 
was normal In other words, there was apparently a blood-flow adequate to 
maintain the metabolic needs of the body, and the cardiac output was depressed 
m exact ratio with the metabolism 

Exophthalmic Goitei — In the case of a young man previously oper- 
ated on for exophthalmic goiter, we found evidences of a larger oxygen 
consumption at rest than is found in the normal man, and a normal 
drop m the pressure of carbon dioxid in the blood passing through 
the lungs Evidently the blood flow in this case was increased pro- 
portionately with the metabolism 

The analysis of ventilation of the lungs with reference to the volume 
of the blood-flow and the intensity of the energy metabolism has great 
possibilities, as can be seen by the short list of cases presented 

SUMMARY 

It is shown m normal men that the volume of alveolar ventilation 
and the volume of oxygen absorbed increase proportionately at mod- 
erate levels of physical exertion We have given inferential proof 
that the volume of the cardiac output likewise varies directly with 
metabolism and alveolar ventilation at moderate levels of work At 
levels of work in which the cardiac output is less Than theoretically 
demanded, the factors of safety found m gaseous carrying power of 
the blood, the increased venous pressure due to increased tone of 
muscles, etc , and the power of the body to superventilate the lungs — 
come into play When these added factors can no longer compensate 
for the disproportionately small bloodflow, effort cannot be sustained, 
and a lower level of body activity must be found A patient suffering 
from cardiac disease or pneumonia, or the congenital cardiac subject, 
or any individual having an impairment m his cardiorespiratory func- 
tion, is living at the expense of one of the factors of safety which 
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nature has provided for times of physical stress These patients arc, 
therefore, continually living, as it were, at an energy-output level, with 
reference to their cardiorespiratory function, equal to that of a normal 
man while at work The incapacity of such patients to do hard or 
sudden work is, on these grounds, quite understandable 

This study of the cardiorespiratory metabolic function had as its 
prime object the development of methods which might be used in the 
clinic for the interpretation of cardiorespiratory disease 

The method developed is still poorly adapted for general clinical 
work, but nevertheless, has given us data which affords a broader 
viewpoint of the subject of cardiorespiratory dynamics It has empha- 
sized the importance of the singleness of the function of the circulation 
and respiration in the nutrition of the body and has shown the need 
of a closer appreciation of the fact in the teaching of the normal and 
pathologic physiology of these systems 
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It was early noted that the roentgen ray has a remarkable effect 
on lymphoid and endocrine tissue So far as the latter is concerned, 
the use of the roentgen ray has been confined largely to the thyroid 
and thymus In this study we have attempted to determine the effect 
on the suprarenals of irradiation of the suprarenal region m the intact 
animal 

The first work on this subject was earned out under the inspiration 
of Vasquez, who believes that hypertension is probably an evidence 
of increased adrenal activity and the investigations of his school have 
been made with this point in view Zimmern and Cottenot 1 studied 
four patients with hypertension, whose systolic pressure as recorded 
by the Pachon apparatus was over 220 mm of mercury They then 
exposed the suprarenal region of these patients to roentgen rays, 
giving from three to fourteen exposures, and noted that the pressure 
fell and remained at a lower level for a considerable period How- 
ever, they give no details of technic 

Eisler and Hirsch 2 studied the effect of the roentgen rays on the 
suprarenals of rats 'They were able to kill their animals by repeated, 
closely spaced doses of from -150 to 200 X Kienbock units in from 
eight to ten days Except for a slight loss of weight and fatigue the 
animals presented no symptoms up to their death the necropsy, 
the suprarenals were macerated in physiologic sodium chlorid solution, 
and their epinephrm content was determined by the blood pressure 
method They found that the epinephrm content was reduced m the 
treated glands 

*From the Laboratories of Roentgenology and Internal Medicine of the 
University of Michigan Hospital 

1 Zimmern, A , and Cottenot, P Modification de la pression arterielle 
chez l’homme par l’exposition aux Rayons X de la region surrenale, Compt 
rend Soc de biol 72 676, 1912 

2 Eisler and Hirsch The Influence of Roentgen Rays on the Suprarenal 
Capsules, Verhandl d deutsch Rontgengesellsch 9 104, 1914 
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In the present study we have attempted to reach the suprarenals 
of intact rabbits with a “hard” type of roentgen ray both by irradia- 
tion through the anterior abdominal wall and from behind The i lght 
suprarenal lies at the le\el of the first lumbar \ertebra almost m the 
nudline, and is fairly fixed m position by the o\ erlymg \ ena ca\ a and 
the hepatic ligaments The left suprarenal lies m loose areolai tissue at 
the level of the second lumbar intervertebral disk about one inch to 
the left of the spine and is quite movable 



Fig 1 — Section of suprarenal corte\ from Rabbit 1 \ showing localized 
infiltrations of small round cells 

The ray used m every case was that dein ei ed by a standard 
Coohge tube on a cunent of 5 milhamperes, with a 9 inch back-up spark 
gap, and a 12 inch target object distance Varying exposure times 
weie used, but m every case the animals weie kept saturated at various 
doses for a week oi a week and a half by the method of Kmgery 3 


3 Kmgery, L B Saturation in Roentgen Therapy Its Estimation and 
Maintenance, Preliminary Report, Arch Dermat & S\ph 1 423 (April) 1920 


170 


ARCHIVES OF INTERNAL MEDICINE 


The suprarenals were examined from one to forty-six days after the 
last dose Some of the animals were given the initial dose divided 
between the anterior and posterior routes and the subsequent doses 
alternately between these routes Others were given by one route 
only Care was taken to protect the rest of the animals from the 
ray by means of lead foil and sheet lead 



Fig 2 — Section from suprarenal cortex of Rabbit lx showing simple necro- 
sis, nuclear pyknosis and vacuolization of the protoplasm 

A few of the animals died, as noted in the piotocols, but the majority 
were killed by a blow on the head All were immediately necropsied 
and the weights of the suptatenals, heart and kidneys weie tecorded 
In no case did the latter two organs appear abnotmal, nor did their 
weights deviate from the average normal The weights of the supra- 
renals are recorded in the condensed protocols (Table 1) 

Rabbits lx and 51 died within two days after irradiation Rabbit 
37 was found dying twenty-one days after the last irradiation and 



TABLE 2 — Data on Six Rabbits in which the Suprarenals were Irradiated by the Posterior Route Only 
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It would appear, therefore, that in the roentgen ray we have a 
method which may prove of considerable service m the study of 
suprarenal function Unfortunately, we are unable at present, or m 
the near future, to continue this work, and consequently submit the 
data we have obtained for the use of those who may be interested in 
this line of investigation 

Grateful acknowledgement is made to Dr C V Weller of the Department 
of Pathology for the preparation of the sections and microphotographs 



THE TENDENCY OF CARCINOMA OF THE PAN- 
CREAS TO SPREAD BY BLOOD- 
1 VASCULAR INVASION ~ 

F DENNETTE ADAMS, M D 

WASHINGTON*, I) C 

Although carcinoma of the pancreas is a relatnely uncommon dis- 
ease, four cases of this condition ha\e been found at necropsy at the 
Peter Bent Brigham Hospital during a six months’ period, including 
last winter These cases represent one-half the number of such cases 
coming to necropsy in this laboratory since the opening of the hospital 
m 1913, the total being only eight cases Study of the series shows 
that in three cases the head was mvohed piimanly, m one case the 
head and body w 7 as involved, in three cases the cancel was diffuse 
throughout the organ, and in one case it w r as limited to the tail Two 
of the carcinomas were of the scirrhus type, hie w r ere adenocarcinomas 
and one, composed of atypical cells, w 7 as mteipieted as haung arisen 
from the islands of Langerhans rather than fiom ducts or parenchyma 

Extensive metastasis occurred in six of the eight cases, a relatnel) 
high percentage, judging fiom the figures obtainable from the liter- 
ature In the standard works metastases to the h\er and retroperi- 
toneal lymph nodes are usually mentioned, and by some authois they 
are stated to be common, but there appears to ha\ e been little reported 
concerning more distant secondary growths, and no emphasis has been 
placed on the notable tendency of these tumors to spread by way of the 
blood stream 

Baldwnn, 1 m a review 7 of fifty cases collected from the Index Medi- 
cus up to 1900, finds that scirrhus carcinoma is the most common car- 
cinoma of the pancreas and that metastases are not common, except 
m the liver He gives the following figures relatne to the frequency 
of secondary growths in his series 

Metastases, None in 10 cases, h\er, 11, neighboring lymph nodes. 
11, duodenum, 5, lungs, 3, kidneys, 3 (once m the right kidney and 
once m the left kidney alone) , spleen 3 , capsule of spleen, 1 , opening 
of common duct into duodenum, 2 , omentum, 2 , pleura, 2 , colon, 2 , 
solar plexus and nerves, 2 , mesocolon, 1 , muscular coat of intestine, 1 , 
abdominal w 7 all, 1, pyloric wall, 1, opening of cystic duct from gall- 
bladder, 1 , psoas muscle, 1 , no statement concerning metastases 8 

" From the Pathologic Laboratory of the Peter Bent Brigham Hospital 
Boston 

1 Baldwin, F A Phila M J 6 1195 1900 
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He does not state, however, m how many instances lesions in various 
organs were associated m the same person or what combinations were 
found 

In connection with blood-vascular invasions, Baldwin describes the 
following condition found in the primary growth m one of his own 
cases 

Some of the vessels have their lumen completely obliterated by growth 
into it of tumor cells and others have their lumen partially or wholly closed 
by laminated thrombi and when these are examined one finds places where 
two, four, or six cells are seen which are entirely surrounded by fibrin and 
blood cells of thrombus If one follows back along the vessel wall, one sees 
a place where the wall has been involved by tumor from without First there 
has been an invasion of the adventitia From this coat, tumor cells have pro- 
ceeded along lymph spaces into media and mtima Then points are seen where 
tumor cells have broken through into the mtima and grown into the lumen It 
is in these vessels that the laminated thrombi are found in which the loosened 
cells are noted , 

In the series studied in this laboratory, the two cases which on 
microscopic examination proved to be scirrhus carcinoma showed no 
metastases, but m the remaining six cases, secondary involvement of 
the liver was piesent m all, and legional lymph nodes were affected 
m all but one 

The lungs of five of the six patients were involved, the stomach 
was involved m four and the duodenum in four cases, the two latter 
organs apparently by direct invasion rather than by metastasis, although 
it was frequently impossible to deteimme definitely which type of 
extension had occurred In three cases there were metastatic foci m 
the suprarenals and m a fourth case direct invasion of the left supra- 
renal occurred The brain was examined m only two cases , secondary 
grow ths were found in both In these two cases, which will be 
described more in detail later, there ivas a generalized carcinomatosis, 
mi olvmg almost every organ 

The features on which it is desired to lay emphasis are (1) the 
tendency of these tumors to invade the blood stream locally, (2) the 
occurrence of generalized carcinomatosis by blood dissemination, and 
f3) the signs caused by secondary growths m two patients which 
obscured the clinical picture There w 7 as definite evidence of dissem- 
ination by way of the blood stream m two cases of adenocarcinoma, 
and m tw'o others there was invasion of the portal vein or its branches, 
in which, however, no generalized distribution of tumor foci occuried 

REPORT OF C \SES 

The following extracts from the protocols serve to illustrate the 
invasion of the venous system 
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C^sr 1 — L K, male, aged 33 Xecropsj b\ Dr S B Wolbach Carcinoma 
of head of pancreas “On opening the portal rem it is found to be surrounded 
by tumor (primary) for a distance of 6 to 7 cm At the lower margin oi the 
tumor at the le\el of the entrance of the superior mesenteric \cm it has a 
plaque-like thrombus of friable whitish material and upon rcmoial of this 
thrombus the intima is found roughened, eleiated and firm and it is eudent 
that tumor has extended into the vein at this point ’ 

C\sc 2 — O S , male, aged 75 Necropsy b\ Dr S B Wolbach Carcinoma 
of tail of pancreas “Dissection of the extrahepatic portion of the portal rein 
shows nothing unusual, but a probe introduced into the splenic \em meets 
resistance where it enters the tumor and here it is completelj occluded The 
splenic vein is picked up at the hilus of the spleen and two branches of large 
size are found running in the gastro-splenic omentum to the greater cunature 
of the stomach, w'hile the splenic lein itself enters the tumor where it is 
compressed and occluded by the firm growth Further dissection of the portal 
vein shows the branches going to the left lobe to be normal The main branch 
going to the right lobe is completely occluded b\ a tumor nodule The occluded 
portion is preceded by a short distance of \ ein which is flattened by surrounding 
tumor The large branches of the hepatic vein opening into the rena caia from 
the right are compressed and a few' small jellowish nodules from 1 to 2 mm 
m diameter are present in the ultima Such vessels when tollowed into the 



Fig 1 — Metastatic focus m miocardium High power 

substance of the liver appear to be occluded complete!} where the\ enter the 
tumor nodules ” This man also showed occlusion of the hepatic duct within 
the liver substance 

In the patients m whom more generalized distribution occurred, 
invasion of larger vessels was not demonstrated but there seems little 
doubt that the process by which the tumor spread is similar in the 
two types, and that secondary growths at more distant points owe 
their origin to invasion of the \enous system either at the seat of the 
primary growth or in the lner 

Of the tw'O cases in which secondary tumois were numerous, the first 
showed metastases m the liver, lungs, suprarenals and brain In the 
liver there were the usual large umbiheated nodules and in the supra- 
renals there was practically complete replacement of parenchyma by 
tumor growdh Both lungs presented t}pical small plaques on their 
pleural surfaces and within the substance of the organs and in addition 
the left lung showed a rather unusual picture 
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Case 3 — W D , male, aged 50 Necrops 3 r by Dr F D Adams Carcinoma 
of head of pancreas “The upper lobe of the left lung is firm, collapsed, con- 
tracted, and about one fourth of the normal size It is drawn over toward 
midlme and is adherent to adjacent pericardium On tracing the upper branches 
of the pulmonary artery and vein and the bronchus into this lobe they are 
all found to be completely occluded by the firm mass of tissue The pulmonary 
artery on the medial side of the obstruction contains within its lumen, pos- 
teriorly, a raised reddish mass, adherent to wall and which on section has a 
yellowish center, giving the appearance of tumor metastasis with superimposed 
thrombus The firm upper lobe on section shows a dark greenish blue anthra- 
cotic surface with scattered areas of greenish yellow fading into surrounding 
tissue Microscopic examination showed practically complete destruction of 
lung tissue, the architecture being in places entirely destroyed by tumor cells 
having a tendency toward alveolar formation, but with a dense fibrous tissue 
stroma In this mass, as well as in other foci in the lung, there were found 
areas in which cells were smaller than the typical tumor cells and were sur- 
rounded by homogeneous, structureless material interpreted as being colloid 



Fig 2 — Metastatic focus in alveoli of lung High power 


This material was also found free in irregular spaces in the stroma without 
relation to tumor cells which had probably been present previously but had 
degenerated Other places in the lungs showed invasion by small masses of 
tumor tissue which followed outlines of the pulmonary alveoli, but tumor cells 
could not be demonstrated within the aheolar capillaries 

Foci of tumor growth were found scattered through the cortex 
and white matter of the bram in this patient, being described as small 
irregular areas of discoloration, brownish, somewhat gelatinous, irreg- 
ularly outlined and poorly demarcated They proved to be, on micro- 
scopic study, metastases involving bram tissue and m places overlying 
meninges as well Here there were frequently found blood vessels 
filled completely or partially with clumps of tumors cells and some- 
times lying a short distance apart from the tumor focus Colloid change 
was prominent m all the foci examined m this brain 

Colloid was found also in one other case, but in the latter it was 
present in the primary growth as well as in the metastases, whereas 
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In the instance just discussed the tumor m the pancreas was a pure 
adeno-carcmoma 

The most unusual case of the series is one m which a difiuse 
carcinomatosis occurred with widely distributed metastases 

Case 4 — M Ca , female, aged 47 Necropsv bj Doctor F D \dams 
Body Obesity Pallor suggesting quite se\ere anemia Edema about left 
eye Swelling of deeper tissues in region of angle of jaw. extending well down 
into the neck Beneath, a hard irregular nodular mass is palpable, which appears 
to be a tumor involving the parotid gland and regional nodes as well 

Peritoneal Cavity Numerous small white, slightly raised tumor nodules 
scattered at irregular points on the intestinal surfaces, a\cragmg from 2 to 
3 mm in diameter Mesenteric lymph nodes enlarged and show' e\ idence of 
invasion 



Fig 3 — Metastatic focus in malpighian bod) of spleen High power 

Pleural Cavities Tumor nodules on diaphragmatic surface 

Mediastinum Nodules present in the fatty tissue surounding the peri- 
cardium and on external surface of pericardium, but none on its inner surface 

Heart Normal size Nodules averaging from 3 to 4 mm in diameter 
on the epicardial surface Endocardium show's a number of tumor plaques 
and nodules in right auricle and ventricle Valves and myocardium not 
remarkable 

Lungs Tumor nodules present on pleural surfaces and within substance 
cf the organs 

Spleen No gross evidence of tumor imasion 

Gastro-intestinal Tract Nodules on peritoneal surfaces as noted Similar 
nodules scattered through mucosa of stomach, small and large intestines 

Pancreas Enlarged, firm, hard and nodular Outer surface studded 
throughout wuth closeh packed tumor nodules raised o\er surface from 1 to 
5 mm Invohement of peripancreatic tissue by tumor nodules as well On 
section, gland is largely replaced b\ tumor throughout, but small areas of normal 
appearance are seen lung between nodules 
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Liver A few small and large (about 1 cm in diameter) nodules are present 
Gallbladder and ducts Not remarkable 

Kidneys Both organs show tumor nodules in cortex and medulla, varying 
from 1 to 3 mm in diameter Passive congestion Both pelves bright red in 
color, showing extreme degree of hemorrhage into mucosa 
Suprarenals Not remarkable 
Bladder Not remarkable 
Uterus Tumor nodules within mucosa 
Ovary Not remarkable 

Neck Piece of tissue removed from region of left parotid gland shows 
tumor infiltration 

Brain No evidence of tumor externally or on section after fixation 
M\a oscopic Examination — Pleart Several small nests of epithelial cells of 

tumor type are seen in the myocardium, particularly in capillaries and small 
blood vessels 



Fig 4 Metastatic focus m glomerulus of kidney High power 

Lungs Alveolar capillaries show tumor emboli varying from single cells 
to small clumps They are included within the capillaries but many have 
invaded surrounding tissue, and lie free in the alveoli In some sections they 
form long cords of cells outlining alveoli In one section there are large 
tumor masses, the largest measuring 4 mm in diameter, of typical cells arranged 
in alveoli and cords Mitoses are numerous There is quite marked edema 
Spleen Isolated small clumps of tumor cells are found in the malpighian 
bodies, as well as m the pulp 

Stomach There is one section which shows high elevation of mucosa due 
to infiltration of submucosa and portions of mucosa by tumor cells 

Small Intestine An occasional group of tumor cells is seen in the mucosa 
Large Intestine Tumor cells are present singly and in small groups 
Pancreas Two sections contain tumor nodules, some of them as wide as 
3 mm Nodules are composed of epithelial cells staining tvpically and arranged 
in alveolar form There is attempted encapsulation with considerable inter- 
stitial pancreatitis resulting in atrophy of alveolar parenchyma Mitotic figures 
are numerous 
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Liver In one section there is a large tumor nodule 14 min wide com- 
posed of alveoli of epithelial cells surrounded b\ a fine fibrous stroma There 
is also dissemination through the luer substance, the capillaries containing 
tumor cells in varj ing numbers 

Kidneys A large number of glomeruli contain a feu tumor cells in the 
capillary tufts, in most instances the cells lying entireh within the lunnna of 
the vessels Larger areas of tumor lm asion are also present 

Suprarenals A few r groups of tumor cells present in capillaries of medulla 
Bladder A few tumor cells in occasional capillaries are found in the 
muscularis 

Uterus Negative, except for marked obhteratue endarteritis 
Ovaries Numerous tumor nodules are present in \ascular spaces, appar- 
ently lymphatics 

Bone Marrow Tumor cells are present in large numbers 
Mesenteric Lymph Nodes Show almost complete replacement by tumor 
growth 

Brain Foci of tumor metastasis are found in the brain cortex For the 
most part these foci consist of tumor cells situated in peritascular spaces, 
although in some parts cerebral tissue has been imaded, the center of growth 
being apparently a perivascular space 
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Fig 5 — Metastatic focus in brain showing perivasculai growth Low power 


In this group of cases the carcinoma of the panel eas showed a 
definite tendency to invade local blood vessels and to disseminate 
metastases to the luer and lungs, and in some instances to other parts 
of the body The type of tumor in which this occurs is the adeno- 
carcinoma While the primary tumor may be essentialh of adenocar- 
cinoma t)pe, colloid change may occur in primary oi secondary growths 
It is of interest from the clinical standpoint to note that in the two 
cases showing the widest dissemination there were signs due to sec- 
ondary invasions which were of such a nature as to obscure the diag- 
nosis One patient (W D , Case 3) showed a mass of collapsed lung 
and tumor in the upper left chest and a lesion m this region was 
demonstrated on physical examination and by roentgen ray (Pulsa- 
tion of the mass w r as obsened under the fluoroscope ) These facts 
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taken into consideration with a systolic murmur at the apex and a 
diastolic murmur in the third interspace on the left, pupillary signs, 
abnormalities of the deep reflexes and a positive Wassermann reaction 
m the blood serum, caused several observers to record a diagnosis of 
syphilis, aneurysm and syphilis of the liver There was no evidence 
of syphilis at the necropsy, the jaundice being due to biliary obstruc- 
tion just above the ampulla, the central nervous system signs probably 
being due to areas of softening in the bram, and the heart murmurs 
possibly to pressure on the vessels by the growth m the lungs The 
presence of tumor metastases in the bram, and the demonstration of 
tumor cells within capillaries, make it seem probable that the infarc- 
tions were due to invasion of cerebral vessels by tumor or their occlu- 
sion by tumor emboli 


PATHOLOGIC ANALYSIS Or EIGHT CASTS OF MALIGNANT TUMORS Or PANCREAS 
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In the case of M Ca (Case 4) there was a history of profuse 
bleeding per urethra for five days prior to admission to the hospital 
Cystoscopic examination revealed a normal bladder and a normal 
urethral orifice on the right with a normally clear efflux On the left, 
however, the orifice was pouty and there was no efflux during pro- 
longed observation The patient passed almost pure blood per urethra 
while in the hospital, but further study was impossible because of her 
poor condition The gemto-urmary findings, however, taken m con- 
junction with general signs of malignant disease, pointed toward a 
diagnosis of hypernephroma 

On microscopic examination, the most unusual feature of this case 
is the presence of extensive metastases within glomerular tufts About 
half the number of tufts in each kidney contain groups of tumor cells 
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Often one can see only two or three tumor cells plugging a capillan 
channel, m othei cases the glomeruli are almost completely filled with 
them Occasionally, tumor crescents fill and distend the capsular 
spaces Mitotic figures are numerous m these secondary growths 
Larger branches of the renal veins show areas of tlnombosis, some 
fresh, others older, with beginning organization Occlusion of these 
vessels does not appear to be complete No tumor cells ha\e been 
demonstrated in these thrombi The disturbances of cu dilation m the 
kidney due to these glomerular metastases and to tlnombosis piobabh 
account, m part, at least, for the extensive pelvic hemoirhages leading 
to hematuria 

Persistent jaundice, due to obstruction of bile ducts, is lcgarded as 
one of the most important signs of pancreatic carcinoma, and it has 
been estimated that it occurs m about three fouiths of such cases 2 
In the senes of eight cases under discussion, this feature w'as piesent 
m only four instances Theie w^as obstruction at the ampulla in the 
tw^o scirihus cases, just above the ampulla in a third case, and of the 
mtrahepatic portion of the hepatic duct in a fourth case In the latter 
instance, occlusion was caused by a metastatic growth and not by 
primary tumor, which w'as in the tail Four patients, m tw r o of wdiom 
the head was involved primarily, showed no obstruction, despite the 
fact that m three of them there was extensive imolvement of portions 
of the duodenum 

Clinically, carcinoma of the pancreas W'as stiongly consideied m 
three of the four cases with jaundice, but received practically no atten- 
tion m the cases where this factor w ? as not piesent Howeicr, on 
reviewing the clinical records of the latter patients, aftei the neciopsies, 
it was found that no features had been overlooked wdnch should have 
given a key to the coriect diagnosis 

2 Osier and McCrae Modern Medicine, Ed 2, New \ork Win Wooc? 
& Co , 1914, Vol 3, p 652 



BRONCHIAL ASTHMA RESPONSE TO PILOCARPIN 

AND EPINEPI-IRIN 

HARRY L ALEXANDER, MD, and ROYCE PADDOCK, MD 

NCW YORK 

The causes and factors appaiently responsible for bronchial asthma 
vary widely among different individuals One featuie common to all 
patients with this disease is the piesenting symptom — a paioxysm of 
difficult breathing In studying patients during intei vals of fieedom 
from these attacks, attempts have been made to associate other condi- 
tions with bronchial asthma It has been consideied as being due to 
a vasomotor neuiosis, 1 to an exudative diathesis, 2 to mci eased tone of 
the vagus nerve, 3 to sensitiveness to foieign pioteins, 4 to a disoidered 
metabolism, 5 bacterial infection of the lespiratoiy tract, 0 and to cer- 
tain abnormalities m the nose 7 

During the past winter a series of patients with bionchial asthma 
was studied m detail m the hope of con elating any findings which 
all, 01 neaily all, might piesent From these individuals careful his- 
tones were obtained and physical examinations were made, with special 
reference to lesions of the nose and throat, signs of -vagotonia, status 
lymphaticus, roentgenograms of the chest and, when indicated, of the 
paranasal sinuses and the gastrointestinal tract, blood counts, sputum 
examinations, 1 espouse to pilocaipin and epmephnn, and cutaneous 
reactions to foreign pioteins In the latter test only very distinct 
reactions were called positive Bactenal pioteins were not used because 
of the uncertainty of then action Most cases showed emphysema m 
some degiee, judged both by physical signs and roentgen-iay findings 
and also abnoimal nasal conditions, many cases showed a steady hypei- 
eosinophiha m the blood and, during attacks, m the sputum , many 
showed a low systolic blood pressure and increased loentgen-ray lung 
mai kings These usually consisted of increased hilus shadows fiorn 

i 

From the Second Medical Di\ ision of Bellevue Hospital and the Depart- 
ment of Medicine, Cornell University Medical College 

1 Weber, E Arch f Physiol , p 63, 1914 

2 Von Strumpell, A A Textbook of Medicine Ed 4, New York, 1913, 
P 220 Czerny A Jahrb f Kinderh 61 199, 1905 

3 Eppinger, H, and Hess, L Ztsclu f klm Med 67 345, 1909, 68 205, 

1909 

4 Meltzer S J Tr Assn Am Phys 25 66, 1910 Talbot, F B Boston 
M &. S J 171 708, 1914 Walker, I C* Boston M &. S J 179 288 1918 

5 Adam, J Asthma and Its Radical Treatment, New York, 1917 

6 Walker I C , and Adkinson J T Med Research 40 229, 1919 Goodale 
J L Boston M & S J 174 223 1916 

7 Matthews, J Med Rec 84 512, 1913 
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which bronchial outlines spread well out into the periphery of the 
plate, and frequently well up into the apices Very often the roent- 
genologic diagnosis of these plates was that of tuberculosis, but there 
was no further evidence to confirm this The outstanding feature of 
these examinations was the almost constant sensitiveness to pilocarpin 
Eppmger and Hess , 3 as well as Barker and Sladen , 8 and others 0 
have confirmed clinically the earlier pharmacologic observations of 
Langley, that pilocarpin stimulates some of the vagus ner\e fibers, as 
contrasted with epmephrm, which acts on those of the true sympathetic 
system 10 Consequently, pilocarpin evokes a response in organs inner- 
vated by certain branches of the vagus, as well as m the salivary glands, 



Fig 1 — Response to epmephrm chlorid, 0 5 cc of 1 1,000 solution (Parke, 
Davis & Co ), administered subcutaneously, of an apparently normal individual 

the vasodilators of the head, and in the sweat glands, which many 
authors believe belong to the “extended vagus” or autonomic system 11 
Stimulation by adequate doses of pilocarpin, therefore, may lead to 
salivation, sweating, flushing, moisture of the eyes and asthma, for 
the circular muscles of the bronchioles are also innervated by the vagus 
Eppmger and Hess maintain that bronchial asthma is an example par 

8 Barker, L F, and Sladen, F J Tr Assn Am Ph>s 27 471, 1912 

9 Petren, K , and Thorlmg, I Ztschr f klm Med 73 27,1911 Lehmann, 
G Ztschr f klm Med 81 52, 1915 Bauer, J Deutsch Arch f klm Med 
107 39, 1912 

10 Elliott, T R J Physiol 32 401, 1905 

11 Frohlich, A, and Loewi, O Arch f cxper Path u Pharmakol 59 34, 
1908 
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excellence of heightened vagus tone, or vagotonia, but give only one 
case report to substantiate it Barker and Sladen cite two cases of 
bronchial asthma which responded with flushing, sweating, etc to small 
doses of pilocarpin and, therefore, they considered these to be 
\ agotonics 


TABLE 1 — Response of Normal Individuals to Pilocarpin 
0 003 Gm (V 20 Grain) Subcutaneously 


Number 

Asthmatic 

Breathing 

Salivation 

Sweating 

Epiphora 

Flushing 

Feeling of 
Warmth 

1 

0 

0 

0 

0 

0 1 

0 

2 

0 

+ 

0 

0 

0 

0 

3 

0 

0 

0 

0 

+ 

+ 

4 

0 

0 

0 

0 

0 

0 

r > 

0 

0 

0 

'» 

T 

0 

6 

0 

0 

+ 

0 

0 

0 

7 

0 

0 

0 

0 

+ 

4* 

8 

0 

0 

+ 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

10 

0 

0 

+ 

0 

0 

0 

11 

0 

0 

0 

0 

0 

0 


Reactions appeared within twenty minutes 


TABLE 2 — Response of Patients with Bronchial Asthma to Pilocarpin 
0 003 Gm (V 20 Grain) Subcutaneously (Tested During 
Interval of Freedom from Attacks) 


Number 

Asthmatic 

Breathing 

Salivation 

Sweating 

Epiphora 

Flushing 

Feeling of 
Warmth 

1 

+ 

+ 

+ + 

+ 

++ 

+ 

2 

+ 

++ 

+ 

4- 

++ 

+ 

3 

+ 

4- 

4- 

++ 

+ 

+ 

4 

+ 

+ 

+ 

4- 

4“ 

+ 

5 

+ 

+ 

4-4- 

+ 

4* 

+ 

0 

+ 

+ 

0 

4-4- 

4* 

+ 

7 

+ 

+ 

4-4- 

4* 

4* 

+ 

8 

+ 

+ + 

4 

++ 

4* 

+ 

9 

+ 

+ + 

++ 

+ 

4 * 

+ 

10 

+ 

+ 

+ 

0 

+ 

+ 

11 

0 

+ 

+ 

++ 

++ 

+ 

12 

0 

+ 

+ 

+ 

4 * 

+ 

13 

0 

+ 

+ 

+ 

4~ 

+ 

14 

0 

+ 

+ 

+ 

+ 

+ 

15 

0 

+ 

+ 

+ 

4* 


10 

0 

+ 

0 

+ 

0 

+ 

17 

0 

0 

4* 

+ 

0 


18 

0 

+ 

0 

+ 

0 


19 

0 

0 

0 

0 

0 


20 

0 

0 

0 

0 

0 

0 


Reactions nppeared within twcntj minutes 


Most investigators recommend 0 01 gm (about % gram of the 
drug) to bring out these reactions, but as this evidently gives marked 
response in many normal individuals, we deemed it wiser to use small 
doses, and in this series approximately 0003 gm (% 0 gram) was 
employed To this dose normal people gave very scant or no response, 
whereas vagotonic patients with or without asthma gave varying degrees 
of reaction (Tables 1 and 2) 


/ 























Figure 2 b 



Figure 2 c 


Fig 2 — T\pes of response to epmephnn chloric!, Oi cc of 1 1,000 solu- 
tion (Parke, Dacis &. Co ) administered subcutaneoush in three cases of 
bronchial asthma with low blood pressures Physical examination had repealed 
no ecidences of h\perth\roidism in these cases 
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It is conceded by many of the above authors that pilocarpin may 
not bring out all evidences of increased vagus tone For instance, it 
has no constant action on the human heart rate They have shown that 
negative pilocarpin reactions may not rule out vagotonia and that other 
signs and associated conditions must be looked for These include 
eosmophilia, dermatograplnsm, absent gag reflex, bradycardia, low 
blood pressure, pulsus irregularis respiratorius, and the presence of 
status lymphaticus This condition, which is more easily recognized 
clinically in the male, occurred in eight of the fourteen men in our 
series Cases were considered as being cases of status lymphaticus 
when they showed a transverse pubic hair line, absence of thoracic and 
abdominal hair, scant axillary hair, scant facial hair of typical con- 



Fig 3 — Type of response to epinephrm in a case of bronchial asthma with 
normal blood pressure 

figuration, smooth skm, arching thighs, and broad type of pelvis In 
this series the asthmatic attacks and the incidence of all of these signs 
was of such frequency as to support the contention that a large pro- 
portion of these cases may belong to the clinical group which the writers 
mentioned above have designated as vagotonic 

It has been found by Petren and Thorhng 9 and others 12 that a 
small percentage of their cases responded both to pilocarpin and epineph- 
nn In such cases these authors therefore claim the coexistence of 
a heightened irritability of the autonomic and of the true sympathetic 
portions of the involuntary nervous system, rather than an increased 

12 Wilson, R M, and Carroll, J H The Nervous Heart, London, 1919 
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tonus of either Apparently normal individuals, or those in whom 
there is adequate balance between the vagus and true sympathetic 
systems, rarely give such a response 13 Little attention has been paid 
to the condition of the balance between the two factors of the lmolun- 
tary nervous system m patients with bronchial asthma Petrui and 
Thorhng, 0 Lehmann, 0 Falta, Newburgh and Nobel, 1 * and Wcarn 15 
each cite only one positive case of epinephrm sensitiveness in asthma, 
while Eppinger and Hess deny its occurrence Figures 2 and 3 show 
the results of tests with epinephrm 


TABLE 3 — Analysis of the Series Showing an Interesting Ri latio\shii> 
Bltween Epinepiirin Response and Blood Prissurl* 


Number 

V 

Age 

Pllo 

carpin 

Reaction 

Epine- 

plirin 

Renction 

j 

Before Epincphrin 

Maximal Ri'c 

Sjstolic 

Blood 

Pressure 

Pulse 

Sjstolic ( 
Blood 
Pressure j 

Pulse 

1 

59 

+ 

! 4“ 

100 

72 

150 

72 

2 

01 

+ 

! 4* 

no 

SO 

335 

130 

3 

53 


*4* 

03 

52 

140 

75 

4 

44 

+ 

•4* 

109 

00 

144 

95 

5 

34 

+ 

+ 

95 

70 

320 

61 

0 

2G 

4* 

+ 

103 

81 

135 

110 

7 

35 

+ 

0 

120 

75 



8 

51 

+ 

0 

138 

57 



9 

23 

+ 

0 

138 

01 



10 

52 

+ 

0 

132 

92 



11 

51 

+ 

0 

(108) 

70 



12 

30 

+ 

+ 

120 

88 

4’ 

no 

13 

19 

4 - 

4- 

100 

70 

120 

01 

14 

18 | 

+ 

4- 

105 

1 03 

111 

332 

15 

45 

+ 

4- 

100 

59 

140 

87 

10 

33 


0 

95 

53 



17 

49 

-f- 

0 

320 

| 70 



18 

29 


+ 

109 

CO 

138 

78 

19 

27 

0 

4- 

302 

75 

129 

90 

20 

40 

0 

+ 

130 

1 72 

134 

tv 


* Epinephrm response occurred only when the systolic blood pressure was low, except in 
Case 12, whereas, with tins single exception, no renction occurred when the blood procure 
approximated the normal One case with a low systolic blood pressure (Case 10) tailed to 
give a posithe renction 

Janeway and Park 10 studied the effect of epinephrm on excised 
arterial strips They found that this drug worked best on relaxed 
arterial ivalls, and least on constricted ones, which offered less range 
of action Swann 17 made similar inferences as regards the disappear- 
ance of urticarial wheals under epinephrm, where extreme local vaso- 
dilatation offers the best opportunity for constrictor action Park 18 
infers a similar mechanism m bronchial asthma The constricted 
bronchioles allow' great excursion to the stimulus of epinephrm, which 
here has a dilator effect 


13 Wearn, J T , and Sturgis C C Arch Int Med 24 247 (Sept ) 1919 

14 Falta, W , Newburgh, L H , and Nobel, E Ztschr f khn Med 72 

97, 1911 

15 Wearn, J T Med Rec 98 164, 1920 

16 Taneivaj, T C, and Park, E A J Exper M 16 541, 1932 

17 Swann, A W Am J M Sc 145 373, 1913 

18 Park, E A J Exper M 16 55S, 1912 
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In patients of this series with low blood pressures and bronchial 
asthma, obviously the two factors, bronchial constriction and peripheral 
vasodilatation, occur It has been an interesting observation that in 
many of these cases very small amounts (0 25 cc) of epinephnn 
(1 1,000) sufficed to relieve asthmatic paroxysms, as contrasted with 
the asthmatic patients with normal blood pressures who ga /e no 
epinephnn response In the latter group it required larger doses to 
attain the same result Similarly, the sensitive cases reacted to the drug 
test where 05 cc of epinephnn chlond, 1 1,000, was employed, with 
distinctly unpleasant symptoms, and often with exorbitant rises of blood 
pressure and pulse These symptoms were absent in the latter group 
(Table 3) It is obvious that the habitually larger therapeutic dose of 
this powerful drug as used in bronchial asthma may be greatly in excess 
of requirement This may be felt by the patient as a blow from a club, 
rather than the support of a crutch to his unbalanced visceral mechan- 
ism Caution is, therefore, urged against the promiscuous use of 
adrenalin in asthma 

Higier 19 and others cite Addison’s disease as the best clinical 
example of vagotonia due to epmephrin insufficiency It has been 
shown that in this condition there may be an enormous rise in the blood 
pressure after epinephnn The thought is, therefore, suggested that 
in subjects with bronchial asthma who are sensitive to epinephnn, the 
increased vagus tone and irritability may be due to a corresponding 
lack of tone of the opposing sympathetic system, which remains sensi- 
tive, and still able to react sharply to the stimulus, epinephnn The 
association of constitutional defects such as status lymphaticus with 
many other functional disturbances of the viscera, and a general inabil- 
ity of its subjects for the high grade function demanded for great- 
bodily exertion, give a possible clue to the nature of these defects It 
is possible that a lack of balance predisposes these patients to the exces- 
sive reactions which form the presenting symptoms of bronchial asthma 

The outstanding feature of this series of cases is the frequency 
with which the same individual showed abnormal irritability of the 
two opposing divisions of the involuntary nervous system, as indicated 
by the response to the two test drugs This peculiarity is not confined 
to bronchial asthma Wilson and Carroll 12 made similar observations 
m cases of disordered action of the heart in soldiers, and Bauer, 9 
Petren and Thorhng, 9 and Lehmann 9 found it m functional gastric 
conditions and in patients usually called “neurotic ” 

19 Higier, H Vegetative Neurology Translation, Nervous and Mental 
Disease Monograph Series, New York and Washington, 1919 
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CONCLUSIONS 

1 In a series of twenty cases of bronchial asthma, a general exam- 
ination with routine laboratory aids and drug tests re\ealed no con- 
stant associated condition 

2 The most frequent finding was abnormally met eased sensitneness 
to pilocarpm These cases frequently presented constitutional defects 
(status lymphaticus) and abnormal reactions described as character- 
istic of the condition called vagotonia 

3 The majority of cases reacted also to epmephrin with an abnormal 
rise in blood pressure and other characteristic signs — pallor, tiemor, 
sometimes rigor — denoting increased sensitiveness to this drug 

4 A relation between low blood pressure and excessive epmephrm 
reaction was apparent, while the smaller number of cases with normal 
or high blood pressure gave regularly normal reactions 

5 Cases reacting excessively to epmephrm were found to be relieved 
by 0 25 cc , a much smaller dose of the drug than is usually employed 



ANGINA PECTORIS 

AN ELECTROCARDIOGRAPHIC STUDY 
F A WILLIUS, MD 

ROCHESTER. MIXX 

Patients having angina pectons occasionally do not present objectiv e 
evidence of heart disease This fact prompted the study reported on 
herewith in order to detect, if possible, alterations m the electrocardio- 
grams of such patients 

A critical stud)' of 155 cases of angina pectoris Mas undertaken, 
including a careful analysis of clinical histones, ph) sical findings, elec- 
trocardiograms and other adjunct laboratory data Nineteen patients 
( 12 2 per cent ) had recognizable aortic lesions, four of which vv ere 
of syphilitic origin Sev en patients had aortitis, four aortic regurgi- 
tation, fi\e aortitis and aortic regurgitation, two aortic stenosis and 
one patient had an aneurysm of the descending aorta Seven patients 
having syphilis did not have clinical evidence of aortic disease, although 
the heart was invaded by disease In this group the possibility of 
unrecognized aortitis producing atresia of the coronary orifices must 
be considered although this type of aortitis is usually recognized Two 
patients (13 per cent ) had mitral stenosis 

The remaining 134 patients (86 5 per cent ) had indeterminate 
pathologic lesions, granted that \\ e must discard the \ie\\ of coronary 
disease accepted as true for many years and revealed at necropsy 7 
innumerable tames Allbutt’s work, which appeared m 1915 was revo- 
lutionary, completely 7 discrediting the coronary* hypothesis It is not 
my intention to renew the controversy 7 which arose m this country* fol- 
lowing the publication of Allbutt’s 1 -work 

I must acknowledge that I find it difficult to classify* this large group 
of patients (86 5 per cent ) if coronary disease is not responsible for 
their angina If aortic disease was present, it was not detected clin- 
ically, and such a high percentage of diagnostic error is certainly 7 
unlikely 7 No instance of adhesive pericarditis was noted 

The series comprised 128 males and twenty 7 -seven females The 
greater number of patients were found m the fifth (thirty-four), 
sixth (fifty r -nme) and seventh (forty-five) decades Seven patients 
(4 6 per cent) did not have objective evidence of heart disease and 
will be considered later 


1 Allbutt C Diseases of the Arteries Including Angina Pectoris London, 
Macmillan, 1915, 2 
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ELECTROCARDIOGRAPHIC FINDINGS 

Thirty electrocardiograms (19 4 per cent), including ventricular 
preponderance and T wave negativity m Derivation III were considered 
normal This criterion is just, I believe, since preponderance of one 
or the other ventricle is often observed m apparently normal hearts 
Excluding the electrocardiograms having ventricular preponderance the 
number is twelve (7 7 per cent ) 

Changes in the Final Ventuculai T Wave — A great deal of uncer- 
tainty has existed with regard to the mode of production of the normal 
T wave Experimental and clinical studies 2 indicate that this wave is 
a contraction phenomenon resulting from changes in contraction pre- 
ponderance on one side of the line of equipotential Smith, 3 during 
his work on ligation of the coronary arteries, found that changes m 
the T wave were the most constant electrocardiographic findings He 
found the T wave to become strongly positive first, then to become 
markedly negative and return more slowly to the positive or the iso- 
electric form 

An analysis of Smith’s electrocardiograms reveals numerous 
instances of abrupt peaked positive T waves of exaggerated amplitude 
This type of T wave is not infrequently encountered in routine clinical 
electrocardiography, and sharply contrasts the usual blunt curved wave 
of lower amplitude It is at times present m a single derivation, but 
more often m combined derivations This finding occurred in eighteen 
(116 per cent) of the electrocardiograms in this series Such a T 
wave, I believe, is evidence of rather sudden changes m contraction 
preponderance, indicative, probably, of increased contraction of certain 
muscular areas Figures 1 and 2 illustrate the type of T wave under 
discussion contrasted with the normal type 

Pardee 4 recently published remarkable electrocardiograms of a 
patient with sudden coronary obstruction A most unusual positive 
(upright) T wave was present, markedly exaggerated m amplitude, 
having a distinct moundhke contour, occurring before the completion 
of the R wave, and occupying 0 40 second It was present m Deri- 
vations II and III As improvement in the patient’s condition occurred, 
the wave approached normal but became negative (inverted) m both 
derivations, especially peaked in Derivation III 

2 Eyster, J A E, and Meek, W J The Interpretation of the Normal 
Electrocardiogram A Critical and Experimental Study, Arch Int Med 11 
204 (Feb ) 1913 Hoffmann, A Zur Deutung des Elektrokardiogramms, Arch 
f d ges Physiol 133 552, 1910 

3 Smith, F M The Ligation of Coronary Arteries with Electrocardio- 
graphic Study, Arch Int Med 22 8 (July) 1918 

4 Pardee, H E B An Electrocardiographic Sign of Coronary Artery 
Obstruction, Arch Int Med 26 244 (Aug ) 1920 
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There was no instance of acute coronary obstruction in this series 
Four patients were examined soon after the onset of anginal attacks, 
one patient ten days after, one patient two and a half weeks after, and 
two patients three weeks after, but the 7 hi stories and findings did not 
suggest sudden coronary obstruction No outstanding electrocardio- 
graphic findings were apparent 

T wave negativity (inversion) occurring m isolated and combined 
derivations was present m eighty (516 per cent ) of the electrocardio- 
grams T wave negativity results from alteration in potential dis- 
tribution from changes in contraction preponderance 5 Changes in 
contraction preponderance may result from changes in blopd volume, 
and from organic or functional myocardial fatigue The significance 
of T wave negativity, in the previously reported series, as evidence of 
heart disease in order of gravity was (1) combined Derivations I and 
II, (2) Derivation I, (3) combined Derivations I, II, and III, (4) 
combined Derivations II and III, and (5) Derivation III No sig- 
nificance can be attached to T wave negativity in Derivation III alone 
as it occurs in normal and in diseased hearts Excluding T wave 
negativity in Derivation III, the number of patients with significant 
T wave negativity was fifty-one (32 9 per cent) Table 1 records 
these findings in patients with angina pectoris 


TABLE 1 — T-Wave Negativity 


Decade 

Total 
Number of 
Oases 

Deriva 

tion 

I 

Deriva- 

tion 

III 

Combined 

Derivations 

I and II 

Combined 
Derivations 
II and III 

Combined 
Derivations 
I, II and III 

31-40 

8 

1 

2 

1 

0 

0 

41-50 

34 

3 

9 

0 

4 

1 

51-60 

59 

10 

8 

6 

4 

2 

61-70 

45 

10 

10 

1 

4 

2 

71-80 

8 

1 

1 

0 

0 

0 

81-90 

1 

0 

0 

0 

0 

0 

Total 

155 

25 

30 

8 

12 

5 


T wave negativity in Derivation I occurred m twenty-five (161 
per cent ) electrocardiograms, combined Derivations II and III in 
twelve (8 8 per cent), combined Derivations I and II m eight (5 2 
per cent ) and combined Derivations I, II and III m five (3 2 per 
cent) The significance of these four types of T wave negativity is 
appreciated when the cardiac mortality statistics are analyzed Thirty- 
seven of these patients have been heard from and twenty-six (70 3 
per cent ) have died from heart disease during a period of five years 
Six patients are known to have died in anginal attacks The mortality 


S Willius, F A Clinical Observations on Negativity of the Final Ven- 
tricular T Wave of the Human Electrocardiogram Am J M Sc 160 844, 1920 
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in the individual groups was (1) Denvation I, 72 0 per cent, (2) 
combined Derivations II and III, 66 6 per cent, (3) combined Deriva- 
tions I and II, 75 0 per cent , and combined Derivations I, II and III, 
80 0 per cent 

Figures 3 and 4 illustrate two sharply contrasted types of negative 
T wave, the rounded wave of low amplitude indicating a negativity 
which has existed probably for a long time, and the other, of greater 
amplitude and peaked, is a more recent abnormality The latter wave 
is similar to those in Smith’s electrocardiograms 

Abnormal Q R S Complexes in All Derivations — Much interest has 
been displayed the last few years in changes affecting the Q R S 
complex of the electrocardiogram Lewis 6 ascribed the anomalies to 
impairment of intraventricular conduction In 1915 Oppenheimer and 
Rothschild 7 named the condition arborization block, and believed that 
lesions involving the Purkmje plexus were responsible for the bizarre 
complexes Robinson, 8 a year later, reported similar findings, result- 
ing, he believed, from functional myocardial fatigue Carter 0 dis- 
cussed the subject in two publications, calling attention to faulty con- 
duction in the branches of the aunculoventncular bundle and to 
sclerosis affecting the bundle branches and arborizations In my 
publication 10 of 1919 I expressed the belief that a structural basis is 
responsible for the bizarre QRS complexes, and that the arborization 
hypothesis seems tenable It is my intention particularly to identify 
these electrocardiographic phenomena with a definite clinical picture 
and to emphasize the gravity of the disorder Recent experimental 
work by Smith 11 failed to confirm the arborization hypothesis Follow- 
ing coronary ligation, extensive subendocardial lesions were produced 
without the development of QRS changes Abnormal complexes 
were, however, obtained by dividing the bundle branches and the com- 
plexes became definitely bizarre when ventricular dilatation supervened 
Smith concluded that two factors were necessary for the production 

6 Lewis, T Clinical Electrocardiography, London, Shaw, 1913 

7 Oppenheimer, B S , and Rothschild, M A Electrocardiographic Changes 
Associated with Myocardial Involvement, J A M A 69 429 (Aug 11) 1917 

8 Robinson, G C The Significance of Abnormalities m the Form of the 
Electrocardiogram, Arch Int Med 24 42 2 (Oct ) 1919 The Relation of 
Changes in the Form of the Ventricular Complex of the Electrocardiogram to 
Functional Changes in the Heart, Arch Int Med 18 830 (Dec ) 1916 

9 Carter, E P Clinical Observations on Defective Conduction in the 
Branches of the Aunculoventncular Bundle A Report of Twenty-Two Cases 
In Which Aberrant Beats Were Obtained, Arch Int Med 13 803 (June) 1914 
Further Observations on the Aberrant Electrocardiogram Associated with 
Sclerosis of the Atrioventricular Bundle Branches and Their Terminal Arbor- 
izations, Arch Int Med 12 331 (Sept ) 1918 

10 Willius, F A Arborization Block, Arch Int Med 23 431 (April) 1919 

11 Smith, F M Experimental Observations on the Atypical QRS Waves 
of the Electrocardiogram of the Dog, Arch Int Med 26 205 (Aug ) 1920 
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There was no instance of acute coronary obstruction in this series 
Four patients were examined soon after the onset of anginal attacks, 
one patient ten days after, one patient two and a half weeks after, and 
two patients three weeks after, but the ''histories and findings did not 
suggest sudden coronary obstruction No outstanding electrocardio- 
graphic findings were apparent 

T wave negativity (inversion) occurring m isolated and combined 
derivations was present in eighty (51 6 per cent ) of the electrocardio- 
grams T wave negativity results from alteration m potential dis- 
tribution from changes in contraction preponderance 5 Changes in 
contraction preponderance may result from changes m blood volume, 
and from organic or functional myocardial fatigue The significance 
of T wave negativity, in the previously reported series, as evidence of 
heart disease in order of gravity was (1) combined Derivations I and 
II, (2) Derivation I, (3) combined Derivations I, II, and III, (4) 
combined Derivations II and III, and (5) Derivation III No sig- 
nificance can be attached to T wave negativity in Derivation III alone 
as it occurs in normal and in diseased hearts Excluding T wave 
negativity in Derivation III, the number of patients with significant 
T wave negativity was fifty-one (32 9 per cent ) Table 1 records 
these findings in patients with angina pectoris 


TABLE 1 — T-Wave Negativity 


Decade 

Total 
Number of 
Oases 

Deriva- 

tion 

I 

Dern a- 
tion 

III 

Combined 

Derivations 

X and II 

Combined 
Derivations 
II and III 

Combined 
Derivations 
I, II and III 

31-40 

8 

1 

2 

1 

0 

0 

41-50 

34 

3 

9 

0 

4 

1 

51-60 

59 

10 

8 

6 

4 

2 

61-70 

45 

10 

10 

1 

4 

2 

71-80 

8 

1 

1 

0 

0 

0 

81-90 

1 

0 

0 

0 

0 

0 

Total 

155 

25 

30 

8 

12 

5 


T wave negativity m Derivation I occurred in twenty-five ( 16 1 
per cent ) electrocardiograms, combined Derivations II and III m 
twelve (8 8 per cent), combined Derivations I and II m eight (5 2 
per cent ) and combined Derivations I, II and III in five (3 2 per 
cent) The significance of these four types of T wave negativity is 
appreciated when the cardiac mortality statistics are analyzed Thirty- 
seven of these patients have been heard from and twenty-six ( 70 3 
per cent ) have died from heart disease during a period of five years 
Six patients are known to have died in anginal attacks The mortality 


5 Willius, F A Clinical Observations on Negativity of the Final Ven- 
tricular T Wave of the Human Electrocardiogram Am J M Sc 160 844, 1920 
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in the individual groups was (1) Derivation T. 72 0 per cent, (2) 
combined Derivations II and III, 66 6 per cent , (3) combined Deriva- 
tions I and II, 75 0 per cent, and combined Derivations I, II and III, 
800 per cent 

Figures 3 and 4 illustrate two sharply contrasted types of negative 
T wave, the rounded wave of low amplitude indicating a negativity 
which has existed probably for a long time, and the other, of greater 
amplitude and peaked, is a more recent abnormality The latter wa\e 
is similar to those in Smith’s electrocardiograms 

Abnormal QRS Complexes in All Denvations — Much interest has 
been displayed the last few years in changes affecting the QRS 
complex of the electrocardiogram Lewis 0 ascribed the anomalies to 
impairment of intraventricular conduction In 1915 Oppenhcimer and 
Rothschild 7 named the condition arborization block, and believed that 
lesions involving the Purkmje plexus were responsible for the bizarre 
complexes Robinson, 8 a year later, reported similar findings, result- 
ing, he believed, from functional myocardial fatigue Carter 0 dis- 
cussed the subject in two publications, calling attention to faulty con- 
duction in the branches of the aunculoventricular bundle and to 
sclerosis affecting the bundle branches and arborizations In my 
publication 10 of 1919 I expressed the belief that a structural basis is 
responsible for the bizarre QRS complexes, and that the arborization 
“hypothesis seems tenable It is my intention particularly to identify 
these electrocardiographic phenomena with a definite clinical pfcture 
and to emphasize the gravity of the disorder Recent experimental 
work by Smith 31 failed to confirm the arborization hypothesis Follow- 
ing coronary ligation, extensive subendocardial lesions were produced 
without the development of QRS changes Abnormal complexes 
were, however, obtained by dividing the bundle branches and the com- 
plexes became definitely bizarre when ventricular dilatation supervened 
Smith concluded that two factors were necessary for the production 

6 Lewis, T Clinical Electrocardiography, London, Shaw, 1913 

7 Oppenhcimer, B S , and Rothschild, M A Electrocardiographic Changes 
Associated with Myocardial Involvement, J A M A 69 429 (Aug 11) 1917 

8 Robinson, G C The Significance of Abnormalities in the Form of the 
Electrocardiogram, Arch Int Med 24 422 (Oct ) 1919 The Relation of 
Changes in the Form of the Ventricular Complex of the Electrocardiogram to 
Functional Changes in the Heart, Arch Int Med 18 830 (Dec ) 1916 

9 Carter, E P Clinical Observations on Defective Conduction in the 
Branches of the Auriculoventncular Bundle A Report of Twenty-Two Cases 
in Which Aberrant Beals Were Obtained, Arch Int Med 13 803 (June) 1914 
Further Observations on the Aberrant Electrocardiogram Associated with 
Sclerosis of the Atrioventricular Bundle Branches and Their Terminal Arbor- 
izations, Arch Jnt Med 12 331 (Sept ) 1918 

10 Willius, F A Arborization Block, Arch Int Med 23 431 (April) 1919 

11 Smith, F M Experimental Observations on the Atypical QRS Waves 
of the Electrocardiogram of the Dog, Arch Int Med 26 205 (Aug ) 1920 
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of the abnormal electrocardiogram (1) lesions of the conduction sys- 
tem, and (2) cardiac fatigue Wilson and Herrmann, 12 m a recent 
publication, state that complete bundle branch block is capable of pro- 
ducing characteristic QRS changes but they do not believe that lesions 
of the bundle subdivisions are capable of producing such changes 
Notwithstanding the variance of views as to the mode of production 
of the abnormal QRS complexes, these electrocardiograms, when all 
derivations are involved, are indisputably linked with a clear-cut clinical 
picture Patients having this disorder have marked myocardial dis- 
integration and the high and early mortality of this group indicates 
a lesion having the tendency to progress 

Clinical and experimental evidence indicates intrinsic vascular degen- 
eration of the obliterative type as the primary cause The progressive 
tendency of the lesion and its frequent association with significant T 
wave negativity favors this conception 

The changes constituting an abnormal QRS complex aie (1) a 
base width exceeding 0 10 second in complexes of unaltered contour, 
and (2) in aberrant complexes, notching, or splintering of the ascending 
or descending limb or of the apex R 

Bousfield 13 obtained electiocardiograms of a patient during a parox- 
ysm of angina pectoris and the QRS complexes in all derivations 
were bizarre The base width was 0 16 second and definite notching 
was present The complexes assumed normal characteristics after the 
paroxysm had subsided Interesting changes m the T wave also were 
noted Duiing the attack the T wave m Denvation I was negative, 
which became positive later while the T waves of Derivations II and 
III became negative 

In this series, twenty-two (14 2 per cent) patients had aberrant 
QRS complexes in all derivations of their electrocardiograms Sixteen 
of these records were associated with significant T wave negativity T 
wave negativity in Derivation I alone occuried with greatest frequency, 
being present m eight (36 4 per cent) of these electrocardiograms 
A high mortality occurs likewise in this group Information 
regarding sixteen patients has been received , ten (62 5 per cent ) have 
died from heart disease and four of these died in anginal attacks 
Abnormal QRS Complexes m Isolated Derivations — Notching or 
slurring of the QRS complex in isolated derivations of the electro- 
cardiogram is less conclusive than the same changes affecting all deri- 
vations These findings are, at times, inconstant but have been repeat- 

12 Wilson, F N , ahd Herrmann, G R Bundle Branch Block and Arbor- 
ization Block, Arch Int Med 26 153 (Aug ) 1920 

13 Bousfield, G Angina Pectoris Changes in Electrocardiogram During 
Paro\ysm, Lancet 2 457, 1918 
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edly observed over a number of years, they become more marked with 
the lapse of time 

Wedd 14 discussed these changes showing the association with defi- 
nite myocardial disease m some cases In my analysis 15 of 747 cases, 
I found the mortality attending this disorder to be 23 7 per cent in 
the complete group, 112 per cent higher than the control series of 
similar heart cases without localized notching or slurring of the QRS 
complexes 

Thirty-three (212 per cent ) patients had notched QRS complexes 
in isolated derivations of their electrocardiograms The greatest num- 
ber occurred in Derivation III, nineteen (57 5 per cent ) In order of 
frequency the other derivations were involved as follows Derivation 
II, nine (27 9 per cent ) , combined Derivations II and III, four (12 1 
per cent ), and Derivation I, one (3 0 per cent ) Five (15 1 per cent ) 
of these electrocardiograms were associated with significant T wave 
negativity Excluding these cases the cardiac mortality in the group 
was 47 3 per cent 

Twenty-six (16 7 per cent ) patients had slurred QRS complexes 
In ten (38 4 per cent) patients these findings occurred m Derivation 
II, m eight (30 7 per cent ) in Derivation I, in seven (26 9 per cent ) 
m Derivation III, and in one (3 8 per cent ) in combined Derivations 
I and II Eleven (42 3 per cent ) of these electrocardiograms were 
associated with significant T wave negativity Excluding the cases with 
significant T wave negativity the cardiac mortality was 20 0 per cent 

Delayed Aunculoventncular Conduction — Prolongation of the P-R 
interval beyond 0 22 second is abnormal and indicates delay in impulse 
transmission between auricles and ventricles Only two (13 per cent ) 
patients had this abnormality in their electrocardiograms In both 
cases the P-R interval was 0 24 second In one electrocardiogram 
negativity of the T wave in Derivation I occurred Information was 
obtained regarding one of these patients who died in an anginal attack 
four years after examination 

Complete Aw iculoventucular Dissociation ( Complete Heart Block) 
— Only one patient (0 6 per cent ) had complete aunculoventricular 
dissociation The auricular rate was 94 and the ventricular rate 47 
each minute This patient died of heart disease seven and one half 
months after examination 

Auricular Fibrillation — Three (19 per cent ) patients had auricular 
fibrillation The infrequency of auricular fibrillation with angina pec- 
toris is apparent and due undoubtedly to the fact that the ventricles 

14 Wedd, A M The Clinical Significance of Slight Notching of the 
R-Wave of the Electrocardiogram, Arch Int Med 23 515 (April) 1919 

15 Wilhus, F A Observations on Changes in Form of the Initial Ven- 
tricular Complex in Isolated Derivations of the Human Electrocardiogram, 
Arch Int Med 25 550 (May) 1920 
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bear the brunt of the ravages of the disease Information regarding 
two of these patients has been received, both ha\e died from heart 
disease, one two weeks and the other one year after examination 

Ventricular Preponderance — Preponderance of the left ventricle 
occurred most frequently m 115 (74 2 per cent ) of the electrocardio- 
grams Preponderance of the right ventricle was present in only ten 
(64 per cent ) and no unbalance occurred m thirty (19 4 per cent) 
of the tracings 

Patients with Angina Pectoris with No Objective Evidence of Heart 
Disease — Seven patients m this series had no objective evidence of 
heart disease Theie was nothing outstanding in their electrocardio- 
grams Two electrocardiograms revealed only ventricular preponder- 
ance, one was normal, except for the presence of an exaggerated P 
wave m Derivations II and III , three revealed notched QRS com- 
plexes m isolated derivations, and one showed T wave negativity m 
Derivation III It is evident that demonstrable cardiac disease 
must necessarily be present to produce significant electrocardiographic 
abnormalities 

Cardiac Mortality — The cardiac mortality of the complete group 
was 46 7 per cent It is interesting to contrast this percentage with 
the mortality attending significant T wave negativity (70 3 per cent) 
and abnormal QRS complexes in all derivations (62 5 per cent ) 
Sixteen patients are known to have died in anginal attacks , the infor- 
mation regarding the others was not specific in this regard There 
was no constant relationship between the duration of angina and the 
degree of electrocardiographic abnormality Figures 5 to 52 are the 
electrocardiograms of the fatal cases One tracing was lost and another 
was indistinct, rendering reproduction impossible 

CONCLUSIONS 

1 There are no electrocardiographic findings pathognomonic of 
angina pectoris 

2 Significant T wave negativity occurred m one third of the elec- 
trocardiograms (32 9 per cent ) and is an important abnormality 

3 Abnormalities m T wave contour affecting both the positive and 
the negative wave are significant 

4 Abnormal QRS complexes in all derivations of the electrocardio- 
gram occurred in 14 2 per cent of the records 

5 The cardiac mortality of the complete group was 46 7 per cent , 
definitely contrasted by the higher mortality attending those patients 
having significant T wave negativity (70 3 per cent) and abnormal 
QRS complexes in all derivations (62 5 per cent ) of their electro- 
cardiograms 
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Fig 1 — Usual type of T wave Rounded, low amplitude wave 



Fig 2 — Abnormal T wave Abruptly peaked, high amplitude wave. 



Fig 3 — Rounded low amplitude negative T wave 



Fig 4 — Abruptly peaked, high amplitude negative T wave, 
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Fig 5 — Case 160997 Angina pectoris two years 
attack two weeks after examination 


Patient died in anginal 



Fig 6 — Case 170503 Angina pectoris six months Patient died of heart 
■disease two weeks after examination 
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Fig 7 — Case 206305 Angina pectoris one year 
attack two weeks after examination 


Patient died in anginal 



Fig 8 — Case 150610 Angina pectoris seven months Patient died of heart 
disease one month after examination 
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Fig 10 — Case 242121 Angina pectoris one and one-half years Patient 
died in anginal attack two and one-half months after examination 
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Fig 11 — Case 203754 Angina pectoris two months 
disease two and one-half months after examination 


Patient died of heart 



Fig 12 — Case 167472 
months after examination 


Angina pectoris nine months 
(aortic aneunsm) 


Patient died three 
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Fig 13— Case 179117 Angina pectoris two years Patient died in anginal 
attack three months after examination 



Fig 14 — Case 222291 Angina pectoris two and one-half months Patient 
died in anginal attack three months after examination 
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Fig 

anginal 


15 — Case 248433 Angina pectoris seven months 
attack three months after examination 


Patient died in 



of 


Fig 16 — Case 221475 Duration of angina pectoris unknown 
heart disease three and one-half months after examination 


Patient died 
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Fig 17 — Case 206571 Angina pectoris four years Patient died of heart 
disease four months after examination 



Fig 18 — Case 218457 Angina pectoris two and one-half years Patient 
died m anginal attack four months after examination 
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Fig 19 — Case 157589 Angina pectoris three years Patient died of heart 
disease four and one-half months after examination 


Fig 20— Case 173245 Angina pectoris eight years Patient died of heart 
disease five months after examination 
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Fig 23 — Case 236217 Duration of angina pectoris not known Patient died 
of heart disease six and one-half months after examination. 



Fig 24 — Case 176195 Angina pectoris frve months Patient died of heart 
disease sc\en months after exammation 
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Fig 25 — Case 
disease seven and 


198206 Angina pectoris three years 
one-half months after examination 


Patient died of heart 



Fig 26 — Case 245363 Angina pectoris ten months Patient died in anginal 
attack nine months after examination 
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Fig 27 — Case 96359 Angina pectoris fifteen years 
disease eleven months after examination 


Patient died of heart 



Fig 

attack 


28— Case 180298 Angina pectoris 
eleven months after examination 


five months 


Patient died m anginal 
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Fig 29 — Case 201583 Angina pectoris three weeks Patient died of heart 
disease one year after examination 



Fig 30 — Case 160782 Angina pectoris one year Patient died of heart 
disease one year after examination 
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Fig 31— Case 178742 Angina pectoris three weeks Patient died of heart 
disease thirteen months after examination 



Fig 32 — Case 147150 Angina pectoris six weeks Patient died of heart 
disease fourteen months after examination 
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Fig 33 — Case 97322 Angina pectoris two years 
attack fifteen months after examination 


Patient died in anginal 



Fig 34 — Case 145557 Angina pectoris five years Patient died of heart 
disease sixteeen months after examination 
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Fig 

disease 


35 — Case 158332 Angina pectoris five years 
two years and four months after examination 


Patient died of heart 



Fig 36 — Case 226409 Angina pectoris eight months Patient died in 
anginal attack twenty months after examination 
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Fjg 37 — Case 153850 Angina pectoris twenty years Patient died of heart 
disease twenty months after examination 


/ 



Fig 38 Case 242391 Angina pectoris five years Patient died of heart 
disease twenty months after examination 
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Fig 39 — Case 136009 Angina pectoris four years Patient died in anginal 
attack twenty-one months after examination 



Fig 40 — Case 129182 Angina pectoris five years Patient died of heart 
disease two years after examination 
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Fig 41— Case 228728 
died of heart disease two 


Angina pectoris one and one-half years 
years aftet examination v 


Patient 



Fig 42 Case 148902 Angina pectoris one year 
disease three years after examination 


Patient died of heart 
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Fig 44 — Case 176237 Angina pectoris two jears Patient died m anginal 
attack three and one-half years after examination 







220 


ARCHIVES OF INTERNAL MEDICINE 



Fig 

disease 


45 — Case 142863 Angina pectoris 
three years and eight months after 


ten years Patient died of heart 
examination 



Fig 46 — Case 145892 Angina pectoris three years Patient died in anginal 
attack four years after examination 
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Fig 47 — Case 144362 Angina pectoris six weeks Patient died of heart 
disease four and one-half years after examination 



Fig 48 — Case 180323 Angina pectoris two jears Patient died of heart 
disease Date not known 
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Fig 49 — Case 247209 Angina pectoris one year Patient died of heart 
disease Date not known 



Fig 46 — Case-> 164904 Angina pectoris six months Patient died of heart 
attack four years t known 
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Fig 51— Case 160498 Angina pectoris six months Patient died of heart 
disease Date not known 



Fig 52— Case 182470 Angina pectoris four years Patient died of heart 
disease Date not known 




STUDIES ON RENAL THRESHOLD FOR GLUCOSE * 


KINGO GOTO, M D , and NOBUZO KUNO, M D 

TOKYO, JAPAN 
INTRODUCTION 

The bibliography of renal glycosuria is already given by one of 
us 1 In renal glycosuria glucose is excreted in the urine, owing to the 
descending of the renal threshold, while the carbohydrate metabolism is 
normal The renal threshold for glucose is the smallest limit of the 
content of glucose in the blood, in which sugar is first to be excreted 
m urine 

In diagnosing renal glycosuria, it is essential to determine the con- 
tent of sugar in the blood and the renal threshold for glucose We 
first measured the sugar in the blood of the normal Japanese and then 
the ahmental hyperglycemia in the blood which occurred after giving 
100 gm glucose In this experiment we discriminated between those 
who eliminated sugar in the urine after the intake and those who did 
not Then, giving again a smaller quantity of glucose to those who 
excreted sugar, we tried to investigate the renal threshold for glucose 
Finally, we made various tests of renal function in the cases of lowered 
threshold to see whether the renal function was normal or not We 
made tests on fifty-three adults 

I SUGAR IN THE BLOOD OF NORMAL JAPANESE 

We applied the Meyers-Bailey 2 method to measure the amount of 
sugar in the blood For measuring the sugar m the urme, we used 
qualitatively the Benedict 3 method and the Almen-Nylander method, 
and quantitatively the Benedict and Osterberg 4 method 

1 Sugai m the Blood of Nomial Adults After a Fast Overnight — 
It is well known that sugar in the blood is increased in the normal person 
by the influence of food, and that it is almost constant in the morning 
after the fast over night In our research the subject was not permitted 
to take anything after supper He was bled at 8 a m and the sugar 
m the blood was measured We used the plasma The results are 
shown in^ Tables 1 and 2 The minimum was 0 066 per cent and the 
maximum 0 1 16 per cent , the average being 0 092 per cent 

*From thevHospital of the Medical School, Tokyo Imperial University 

1 Goto, K Arch Int Med 22 9 6 (July) 1918 

2 Meyers, V C, and Bailey, C V J Biol Chem 24 147, 1916 

3 Benedict, SR J A M A 57 1193 (Oct) 1911 

4 Benedict, S K , and Osterberg, E J Biol Chem 34 195, 1918 
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TABLE 2 —Alimentary Glucose Test in Normal Person Cases Which Excreted Sugar 
Fast over night, glucose 100 Gms -f- water 250 c c at 9 a m were taken 
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Table 3 shows that in the majority of cases the sugar content of 
the blood is between 008 and Oil per cent Table four shows the 
sugar content of the blood of normal adults after fasting as determined 
by various authors 

Tabu: 3 


Sugar in Blood (Plasma) 

Number of Oases 

0 06 - 0 07 per cent 

! 

2 

0 071 - 0 08 per cent 

6 

0 0S1 - 0 09 per cent 

16 

0 091 - 0 10 per cent 

14 

0 101 - 0 11 per cent 

12 

0 111 - 0 12 per cent 

2 

0 121 - 0 13 per cent 

1 


TABLE 4 — Amount of Blood Sugar Found by Various Authors 


Author 

Method 

! 

Blood Sugar, 
per Cent 

Average 

Naunyn 

Abeles 

0 07 - 0 1 


Bang 

Bang 

01 - 0 11 


Frank 

Bertrand 

0 06 - 0 12 


Kow nrsky 

Kovarsky 

0 05 - 0 11 


Hopkins 

Bang 

0 065 - 0 11 i 

0 085 

Gettler and Baker 

Lems and Benedict 

0 05 - 0 11 

0 07 

Cummings and Pines 

Cummings and Pines’ modification 
of Lewis and Benedict’s method 

0 044 - 0 12 j 

Meyers and Bailey 

Meyers and Bailey's modification 
of Lewis and Benedict’s method 

0 09 - 0 11 


.Toslin 

Lewis and Benedict 

0 06 - 0 11 

010 

Denis, Aub and Minot 

Meyers and Bailey 

0 085 - 0 12 

0 091 

Goto and Kuno 

Meyers and Bailey 

0 066 - 0 116 


(2) Alxmentaiy Glycosuna and Hypei glycemia in Nounal Persons 
— When 100 gm of glucose are taken in the morning, the sugar m the 
blood rises and reaches its maximum in from twenty minutes to one 
hour It remains for two or three hours and then falls to normal or 
below it The maximum is usually between 0 17 and 0 18 per cent 
of sugar 

The duration of the hyperglycemia and its height are closely related 
to the condition of the carbohydrate metabolism of the subject, and, 
therefore, these factors are important m the diagnosis of diabetes If 
carbohydrate metabolism is abnormal, its maximum degree is higher 
and the duration is longer than normal The studies of Hopkins, 5 
Epstein, 6 Hamman-Hirschman, 7 Cummings-Pmes, 8 * Bailey, 0 Williams 
and Humphreys 10 concerning the alimentary hyperglycemia of dia- 

5 Hopkins, AH Am J M Sc 149 254, 1915 

8 Cummings, R, and Pines, G Arch Int Med 19 777 (May) 1917 

6 Epstein, A A Studies on hyperglycemia in relation to glycosuria, 1916, 
New York 

7 Hamman, L , and Hirschman, I I Arch Int Med 20 761 (Nov ) 1917 

9 Bailey, C V Arch Int Med 23 455 (April) 1919 

10 Williams, J R , and Humpreys, E M Arch Int Med 23 537 (April) 

1919 
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betes after the glucose intake show similar results One hundred gm 
of glucose were given to three mild diabetics by Hamman and Hirsch- 
man 7 The percentage of sugar rose to above 0 2 per cent and the 
ascending curves were very slow, covering three or four hours In 
Williams and Humphreys 10 report, 100 gm glucose were given to 
twelve mild diabetics, only one of them showed from 0 14 to 0 16 per 
cent sugar, but m eleven other cases the sugar was between 0 2 and 
0 3 per cent , and the duration was also longer 

Sugar is always excreted after the glucose test, even in mild dia- 
betes In the three tests made by Hamman and Hirschman it was 
3, 6 8 and 7 gm , respectively Williams found from 1 to 10 gm 
sugar excreted m the urine In normal persons, after taking 100 gm 
glucose, sugar is sometimes found in the urine, and sometimes not , the 
total quantity is very small, usually less than 1 gm 


TABLE S — Sugar in Blood During Fast 


Sugar, per Cent 

CaBes 

Which Fxercted 

No Sugar 

Cases 

Which Excreted 
Sugar 

006 - 007 



2 

0 07 - 0 08 

3 

3 

0 08 - 0 09 

10 

6 

0 09 - 0 10 

3 

11 

0 10 - 0 11 

3 

9 

0 11 - 0 12 

1 

1 

0 12 - 0 13 

— 

1 


In the glucose test it is necessary to consider the nutrition, the 
body weight of the individual, the absorption power of the intestine 
and the decomposition of sugar in the intestines or in the blood It 
is especially essential to consider the absorption power of the intestines, 
although this has been neglected in the past In our experiment we 
gave 100 gm glucose, dissolved in 150 cc water in the morning after 
the fast over night The individuals weighed from 42 to 63 kg, so 
that from 2 3 to 16 gm glucose were given per kilo of body weight 
Among the fifty-three adults, twenty did not excrete sugar in the urine 
after taking the glucose The quantity of sugar excreted by the remain- 
ing thirty-three subjects was very small, between 0 25 and 0 795 gm 
In Table 1 are shown the cases which did not excrete sugar in the 
urme after taking glucose In Table 2 are shown the cases which did 
excrete sugar after taking glucose Diuresis was present m some cases 
and not m others In Tables 1 and 2 are classified the cases which did 
not show diuresis, the cases which showed diuresis, and the cases which 
excreted all the ingested water The sugar in the blood shown in 
Table 1 is generally lower than that m Table 2 , l e , the former average 
is 0 089 per cent and the latter is 0 093 per cent 

In alimentary hyperglycemia after the glucose test, the highest per- 
centage of the sugar in the blood in the cases m which sugar is not 










GOTO-KUNO— GLUCOSE RENAL THRESHOLD 229 

excreted in the urine is between 0 0114 and 0 185 per cent , the average 
being 0 142 per cent • 

The highest percentage of sugar m the blood in the cases m which 
sugar is excreted m urine is between 0 128 and 0 196 per cent , the 
average being 0 160 per cent 


TABLE 6 — The Highest Degree of Alimentary Hyperglycemia 


Sugar in Blood, per Cent ! 

Oases 

Which Excreted 

No Sugar 

Oases 

Which Excreted 
Sugar 

0 11 - 0 12 

4 



0 12 - 0 13 

1 

2 

0 13 - 0 14 

5 

3 

0 14 - 0 15 

1 

5 

0 15 - 0 1G 

4 

4 

0 16 - 0 17 

2 

5 

0 17 - 0 18 

1 

3 

018-019 

1 

5 

0 19 - 0 20 

— 

1 


Table 6 shows that, generally speaking, the highest percentage of 
alimentary hyperglycemia in the cases which excrete no sugar is com- 
paratively lower than in the cases which excrete sugar Table 1 shows 
that the sugar always increases in the blood after the ingestion of 
glucose, reaching the maximum in from twenty minutes to two hours, 
and becoming normal again in three hours But in most cases the 
maximum is reached in from twenty minutes to one hour 

Cases 9 and 10 (Table 1) show that the sugar in the blood is not 
normal even after three hours In the Case 12 it did not increase 
decisively until the third hour 

In Table 2, in the cases with sugar in the urine, it also reached the 
highest percentage in from twenty minutes to one and one-half hours 
Most of the cases return to normal within three hours Cases 14, 29 
and 31 did not The last five cases in Table 2 show that the alimentary 
hyperglycemia is comparatively high and continues for a long time , 
but there is no abnormal hyperglycemia during the fast 

In Cases 31 and 32, the sugar excreted in the urine amounts to 
nearly 1 gm This is relatively large, but the time of excretion was 
short, the sugar disappearing at the third hour In Case 31 the hyper- 
glycemia did not return to normal m the third hour Case 33 excreted 
sugar till the fourth hour, but the quantity m the urine was relatively 
small and the sugar in the blood became normal at the third hour 

According to these tests, it is obvious that the carbohydrate metabo- 
lism of these five cases is somewhat different from normal, if we 
consider that the alimentary hyperglycemia normally reaches 0 17 or 
■0 18 per cent and becomes normal on the third hour after the glucose 
is taken 








230 


ARCHIVES OF INTERNAL MEDICINE 


Table 7 details the alimentary hyperglycemia noted by various 
authors after ingestion of 100 gm glucose and their results will be 
compared with ours 


TABLE 7 — Alimentary Hyperglycemia After the Intake of 100 Gm of 

Glucose 


Authors 

No of Tests 
(Persons) 

Alimentary 

Hyperglycemia 

Sugar Reaction 
in Urme 

Frank , 

7 

0 12 -0 18 

2 (+) 

Bing and B Jacobsen 

10 

0 098-0 17 


Tli B Jakobsen 

14 

(6 0 12 -0 16 

(-) 



(8 0 17 -0 227 

(+) 

Hopkins 

8 

0 14 -0 156 


Graham 

3 

0 09 -0 18 


Hamman and Hirsclimann 

6 

01 -013 

2 (+) 




20 0114-0 185 

(-) 

Goto and Kuno 

53 

] 

28 0 129-0 196 

(+) 




5 0 192-0 231 

(+) 

* 


(lowered sugar 




tolerance) ^ 



TABLE 8 — Diuresis 



After Glucose Test 

Volume of Urine, C c 

Cases 

1 Cnses Which 


U hich Excreted 

Did Not Excrete 


Sugar 

Sugar 

0-100 

2 

4 

100 - 200 

6 

14 

200 - 300 

6 

7 

300 - 400 

4 

3 

400 - 500 


3 

500 - 600 

1 

2 

600 - 700 



700 - 800 

1 

— 


Some authors state that diuresis is often caused m diabetic patients 
after the glucose intake In our investigation we classified the cases 
into three groups (1) the cases in which diuresis takes place, (2) the 
cases in which it does not take place, and (3) the cases m which all 
the intaken water is excreted 

The average of the maximum of the sugar in the blood m cases 
which show diuresis is lower than in cases with no diuresis , however, 
the average m both is nearly the same 

II RENAL THRESHOLD 

The renal threshold for glucose is a very important factor for the 
study of renal glycosuria and of diabetes However, this queskon 
tS generally neglected owing to the difficulty of the investigation 

Jakobsen 11 studied the alimentary hyperglycemia after the intake 
of glucose in thirteen adults He found that when the alimentary 
hyperglycemia was below 0 16 per cent there was no sugar m the urine 


11 Jakobsen, Th B Biochem Ztschr 56 471, 1913 

















TABLE 9 —Determination of Renal Threshold for Glucose 
Fast over night the first test, glucose 100 gm -f- water 250 cc , the second test, glucose 50 gm -f- water 125 cc 


Renal 

Threshold 

for 

Glucose 

0 175-0 142 

0 163-0 172 

0 158-0 169 

0 123-0 135 

0 142-0 160 

0 122-0 129 

0 167 0 134 

0 152 0 ISO 

0139 

0150 

0122 

0146 

0 167-0 230 

0120 

Blood 

Sugar per 100 C c Plasma, Gm 

3 

Hr 

jH j-t 00 tH CO 6*3 

ir L; g t t w 

o o o o o o 

© © © o o © 

8010 

890 0 

fOlO 

0 071 

0 083 


0 066 

0 068 

0 067 

0 076 

0 063 

0 075 

0120 

© © © «■* 

CO © ^ © 

r-1 © © rl 

© © © © 

0173 

0 091 
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Hr 

0 079 

0 088 

0 099 
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0 083 

0 093 

0143 

0130 

0 060 

0 063 

0105 
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0129 
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0100 
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0 085 

0 094 

0 077 

0 088 
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0107 

0107 

0 069 

0 099 

0 089 

0101 

© 

© rl 

i° ° 

Urine 

1 

Total 

Excreted 

Sugar, 

Gm 

0 025 

0103 

0 350 

0 150 

0112 

0 05o 

0173 

0 092 

0 016 

0 690 

0 795 

0 079 
0145 

0157 

1 58 
0135 

Sugar Reaction (Benedict) 
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Hr 
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+1 
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1 + 1 1 
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7 
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When hyperglycemia was above 0 17 per cent , sugar appeared Ham 
man and Hirschman 7 investigated the renal threshold m six pei sons 
and found some with a lowered threshold Foster stated that the 
threshold is between 0 149 and 0 164 per cent One of us 1 reviewed 
these bibliographies in detail More recently Williams and Hum- 
phreys 10 published the results of their investigation 

The renal threshold is not constant in every normal person, and 
it is often low, according to Hamman and Hirschmann If the thresh- 
old is lowered the increased sugar m the blood after meals rich m 
carbohydrate will appear m the urine, easily exceeding the threshold 
We tried to investigate whether the alimentary hyperglycemia and 
the renal threshold are normal in cases in which sugar is excreted in 
the urine after the glucose test We gave 50 gm glucose dissolved in 
125 cc of water to the persons who excreted sugar in the urme, in 
the same way as with 100 gm and examined whether sugar is excreted 
again in the urme, and also the threshold for glucose Five out cf 
fourteen persons eliminated sugar These results are shown in detail 
in Table 9 


TABLE 10 — Renal Threshold 


Normal Threshold, per Cent 

Lowered Threshold, per Cent 

N S 

0 163-0 172 

T 

S 

0 123-0 135 

N K 

0 158-0 169 

K 

K 

0 142-0 160 

I A 

0 152-0 180 

Y 

T 

0 122-0 129 

O G 

0 167-0 230 

I 

S 

0139 



I 

T 

0150 



0 

S 

0120 



Y 

T 

0122 



I 

H 

0146 


If we regard from 0 17 to 0 18 per cent sugar as being normal, 
the threshold of four people out of the fourteen is normal, and that of 
the eight people is clearly lowered The results are shown m Table 10 
In many of the cases in Table 11, in which sugar was eliminated 
in the urme after the intake of 100 gm glucose, the carbohydrate metab- 
olism is not affected, except m the five cases mentioned, and some of 
the former show the lowered threshold for glucose as shown in Table 
11 These cases are by no means diabetic, but are a kind of renal 
glycosuria, because there is no abnormal hyperglycemia, and the excre- 
tion of sugar is caused by the lowered renal threshold If these 
individuals with lowered threshold should take a diet rich in carbo- 
hydrate, sugar might be excreted in the urme It is believed that the 
sugar in the blood rises to almost 0 15 per cent after a Japanese diet, 
which is chiefly composed of rice and vegetables rich in carbohydrate 
Sugar appears easily after such meals if the threshold is lowered below 
this level of 0 15 per cent 
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We next gave cooked rice, according to the Japanese fashion, to 
the individuals with the lowered threshold m the morning after an all 
night fast, and examined the sugar in the blood and m the urine In 
some cases after the ingestion of 50 gm glucose the sugar in the blood 
is higher than when 100 gm glucose are taken This is shown in 
Cases 3, 10 and 27 in Table 9, and in Cases 3 and 27 sugar is excreted 
after 100 gm glucose are taken, but not after the ingestion of 50 gm 


TABLE 11 — Rice (Cooked According to Japanese Fashion) Was Given 
to the Person With Lowered Renal Threshold 


Name 

Cooked 1 
Rice, 
Gm 

j Glucose in Urine 

| (Benedict) 

Sugar in Blnsma, 
per Cent 

Renal 
Tli res 
hold 
Tab 2) 
% 

20 1 
Min 



i% 

Hr 

2 

Hr 

2%' 

Hr 

20 

Min 



1% 

Hr 

2 

Hr 

2% 

Hr 

I c 

370 

■ 

"4“ 1 

. 







0155 

0150 

0139 

rm 


0111 

015 

I c 

370* 


+ 

+ 

-4- 


— 

0176 

0160 

0129 

ota 


0125 

015 

1 s 

370 

1 

± 


± 

— 

— 

0175 

0148 

0127 

H 



0 139 


* Boiled potatoes 


III EXAMINATION OF THE RENAL FUNCTION OF THE INDIVIDUALS 
WITH THE LOWERED THRESHOLD FOR GLUCOSE 

We have stated that the renal threshold for glucose is sometimes 
lowered in healthy adults In order to learn whether the renal function 
of these individuals is normal or not, we made various tests of the 
renal function 

(1) Wotei Test — It is generally believed that the normal adult, 
when one or one and one-half liters of water are taken, eliminates all 
the water within four hours, the specific gravity of the urine falls to 
1002-1004, but in the case of persons whose renal function is 
impaired, the excretion is affected and the specific giavity does not fall 
decisively The method is as follows One or one and one-half liters 
of water are taken m the morning after an all night fast The urme is 
voided before taking water and every thirty minutes afterward The 
quantity and specific gravity are determined The results are shown 
in Table 12 No difference was noted between the cases with normal 
and those with lowered threshold 

(2) The Relation Betzvcen Concentration of XJiea m the Blood and 
the Excretion of Urea m the Urine — The urea in the blood and m the 
urine were measured by the Van Slyke and Cullen 12 method, and 
McLean’s urea index was determined 13 The results are shown in 
Table 13 

12 Van Slyke, D D , and Cullen, G E J Biol Chem 19 211, 1914 

13 McLean, F J Exper Med 22 212, 366, 1915 
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(3) The Relation Between the Concentration of the Chlond m the 
Blood and Its Excretion m the Urine — The chlorid m the blood was 
measured by Foster’s 14 method and the chlond in the urme by Volhard 
and Arnold’s method We determined the above mentioned relation 
by McLean’s formula 13 The results are shown in Table 14 


TABLE 13 — Urea in Blood and McLean’s Urea Index 


Number 
(Table 2) 

Name 

Body- 

Weight 

Calculated 
Volume 
of Urme 
per 24 
Hours 

Specific 

Gravity 

Blood 
Urea 
per Liter 
Blood, 
Gm 

Urea in 

Urine 

McLean’s 

Index 

Per 

Liter 

Per 24 
Hours 

19 

K K 

45 3 

8,200 


0 29 

2 27 

18 61 

C6 

10 

I C 

48 0 

2,000 

1 023 

0 39 

10 78 

21 61 

86 

28 

I A 

51 0 

1,400 

1 023 

0 29 

10 22 

14 33 

96 

3 

S T 

42 6 

3,500 


0 31 

5 63 

19 79 

101 

4 

N S 

63 0 

5 600 

1 015 

0 27 

4 75 

26 53 

113 

27 

I T 

41 8 

1,000 

1 018 

0 30 

27 9 

27 9 

350 

15 

T S 

47 0 



0 315 

9 48 

3124 

184 

2 

1 s, 

19 5 

IMS yjiMp 


028 

4 92 

29 53 

153 

21 

Y T 

510 


1 018 

0 35 

6 7 

40 23 

150 

8 

N K 

4S5 

600 

1 024 

0 345 

30 38 

18 19 

165 

32 

0 S 

47 5 

4,800 

1013 

0 285 

5 09 

24 46 

138 


TABLE 14 — The Relation of the Rate of Chlorid Excretion (Calcu- 
lated as Sodium Chlorid) to Concentration in Plasma 


Number 
(Table 2) 

Name 

Body 

Weight, 

Kg 

Sodium Chlond 

Per 

Litei 

of 

Urine, 

Gm 

Per 24 
Hours, 
Gm 

Per Liter of Plasma 

Threshold 

Cnlcu 

Jnted, 

Gm 

Actual 

Gm 

Diflcr 

encc, 

Gm 

15 

J S 

476 

3 70 

12 2 

5 96 




25 

I H 

571 

12 1 

8 15 

596 




21 

Y T 


35 

21 0 

6 05 




3 

S T 

42 ( 

54 

IS 9 

611 




2 

I S 

49 5 

42 

25 2 

6 12 




19 

K K 


4 07 

33 2 

6 21 




10 

I C 


40 

80 

5 90 

5 62 

—0 28 

5 34 

28 

I A 


66 

9 25 

5 95 

5 93 

—0 02 

5 00 

8 

N K 

48 5 

14 0 

8 40 

6 01 

5 92 

—0 09 

5 53 

4 

N S 

KiTW: 

50 

28 0 

fill 

5 62 

—0 49 

513 

27 

I T 
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DISCUSSION 

Our investigations show that thirty-three of fifty-three healthy 
Japanese adults eliminated sugar after having taken 100 gm glucose, 
but that the quantity eliminated was very small Twenty-eight of the 
thirty-three showed no abnormal hyperglycemia and m some cases the 
renal threshold for glucose was clearly low It is clearly evident, when 
the threshold for glucose is lowered, that the lower the threshold 
the more easily sugar is eliminated m the urine after a carbohydrate 
diet If the threshold is severely affected, then sugar will be excreted 


14 Foster, G L J Biol Chem 31 483, 1917 
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in the urine even when the sugar in the blood is normal or very slightly 
higher than normal 

Since the renal threshold for glucose is sometimes lowered even in 
some normal persons, we must pay careful attention to the diagnosis of 
so-called mild diabetes, in which slight glycosuria is present after meals, 
and in which no clinical symptoms are noted To diagnose nnld 
diabetes and renal glycosuria, it is necessary to examine not only the 
excretion of the sugar in the urme, but also the sugar in the blood after 
the glucose test, and to study the renal threshold for glucose carefully 

SUMMARY 

In order to investigate the renal threshold for glucose in Japanese, 
glucose tests were made on fifty-five adults 

1 In the normal adults the sugar m the blood the morning after 
the over night fast was between 0 066 and 0166 per cent, in the 
majority of cases being from 0 08 to 011 per cent, with an average 
of 0 092 per cent 

2 The sugar in the blood nearly always increased after the ingestion 
of 100 gm glucose Thirty-three of the fifty-three peisons excreted 
sugar, although the quantity was very small, between 0 025 and 0 795 
gm 

3 Persons who did not excrete sugar averaged 0 089 per cent sugar 
in the blood the morning after the over night fast The majority 
showed between 0 08 and 0 09 per cent sugar The highest percentage 
of alimentary hyperglycemia after the ingestion of 100 gm glucose 
was between 0 114 and 0 185 per cent , the majority excreting between 
011 and 0 16 per cent , with an average of 0 142 per cent 

4 Persons who excreted sugar averaged 0093 per cent sugar in 
the blood in the morning after the over night fast The majority 
excieted between 0 08 and Oil per cent The highest percentage of 
alimentary hyperglycemia after ingesting 100 gm glucose was between 
0 128 and 0 196 per cent , the majority excreting between 0 14 and 0 19 
per cent , the average being 0 160 per cent 

5 No matter whether sugar is excieted m the urme or not, the 
alimentary hyperglycemia reached the maximum between forty and 
sixty minutes after the test and becomes normal within the three hours 

6 Five persons who excreted sugar showed an abnormal hyper- 
glycemia The increase of sugar in the blood was quite high, 0 2 per 
cent , and the excretion of sugar m the urme was greater than in the 
other cases Some of them showed a hyperglycemia of longer dura- 
tion However, these five individuals had neither hyperglycemia in 
the morning, nor any diabetic symptoms 
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7 Eight of the fourteen subjects who excreted sugar after the 

glucose test had a lowered threshold for glucose as follows 0 122 to 
0 129 per cent , 0 120 per cent , 0 122 per cent , 0 123 to 0 135 per 
cent , 0 139 per cent , 0 142 to 0 160 per cent , 0 146 per cent and 0 160 
per cent ' 

8 The renal function of those individuals whose renal threshold 
for glucose was lowered was normal for the excretion of water, urea 
and chlorids 

9 Glycosuria appears sometimes even m normal persons owing to 
the lowered threshold for glucose, without any disturbance of carbo- 
hydrate metabolism Therefore, we must pay careful attention to the 
differentiation of so-called mild diabetes and renal glycosuria 15 

15 The following references may also be consulted 
Naunyn Der diabetes mellitus, 1906 

Bang, I Methoden zur Mikrobestimmung einiger Blutbestandteile, Wies- 
baden, 1916 

Frank, E Ztschr f Phys Chem 70 129, 1911 

Kowarsky, A Deutsch med Wchnschr 34 1635, 1913 

Hopkins, A R Am J M Sc 149 254, 1915 

Gettler, A O , and Baker, W J Biol Chem 25 217, 1916 

Joslin, E P Treatment of Diabetes Mellitus, 1917 

Denis, W , Aub, J C, and Minot, A S Arch Int Med 20 964 (Dec ) 1917 

Graham, G J Physiol 1 285, 1915 

Bing, H J , and Jacobsen, B Deutsch Arch f klin med 104 432, 19/ 1 



THE EFFECT OF ANTISYPHILITIC TREATMENT ON 
THE COLLOIDAL GOLD REACTION * 

MARGARET WARWICK, MD 

MINNEAPOLIS 

Since the first presentation of the colloidal gold reaction by Lange 1 
in 1912, both its technic and significance have been discussed at great 
length in the current medical literature, particularly in Germany and 
this country, until it has now an undisputed place m the routine exam- 
ination of spinal fluids as a definite aid to the diagnosis of many affec- 
tions of the central nervous system 

A perusal of the voluminous literature on this subject discloses a 
noticeable absence of attention given to the effect of antisyphihtic treat- 
ment on this very important reaction Our information on this subject 
comes largely from chance comments interspersed at various points in 
general discussions of the colloidal gold reaction by different authors 
And, after compiling these various bits of information, one is impressed 
by the great variance of opinion expressed and the lack of proof or 
detailed discussion advanced as a basis for such opinions 

In a previous publication I (with Nixon) 2 reviewed this phase 
of the subject m a general discussion of the colloidal gold reaction, 
and at that time decided that it was worthy of a more detailed and 
prolonged consideration 

Lange 1 in his first presentation of the test claimed that its results 
closely paralleled the clinical course of syphilitic disease of the central 
nervous system Eskuchen 3 noted a general paretic curve change to 
a syphilitic one Solomon and Koefod 4 found one case of tabes in 
which five spinal fluids were examined at intervals of several days 
during intraspinal treatment and the curve changed only from 02222- 
10000 to 0012222100 Six other fluids behaved m practically the same 
manner, hence they concluded that there was no marked change in 
treated cases and no relation between the curve and duration or seventy 
of the disease 

*From the Department of Pathology, University of Minnesota 

1 Lange Die Ausflockung kolloidalen Goldes durch Zerebrospinalflussig- 
keit bei luetischen Affektionen des Zentralnervensystem, Ztschr f Chemotherap 
1 44, 1912 

2 Warwick and Nixon The Colloidal Gold Reaction and Its Clinical Inter- 
pretation, J Exper Med 25 119, 1920 

3 Eskuchen Die funfte Reaktion, Ztschr f d ges Neurol u Psychiat 
25 486, 1914 

4 Solomon and Koefod Experience with Lange’s Colloidal Gold Test in 
135 Spinal Fluids, Boston M & S J 173 996, 1915 
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Swalm and Mann 5 noticed that in remissions and after-treatment 
a paretic curve might be lost or changed to one of the syphilitic type 
Black, Rosenberg and McBride 0 observed a tendency for vigorous 
intravenous or mtraspmal treatment to bring all positive tests toward 
the negative side, but noted that the colloidal gold reaction was the last 
to turn negative, and thus was the most reliable as a prognostic guide 
They saw a paretic curve during treatment change to a syphilitic curve 
and later to a meningitic curve, while the Wassermann reaction changed 
from positive to negative They concluded that although the colloidal 
gold curve is the last to become negative, it does so only after a clin- 
ical cure Mehrtens 7 thought that the reaction steadily decreased and 
became atypical under treatment De Cnnis and Frank 8 noted that 
as a patient improved, the colloidal gold curve returned to normal 
Parnell 9 found some paretic curves becoming atypical under treatment 
while others remained typical, and some tabetic curves decreased in 
intensity Hamraes 10 mentioned five cases with antisyphihtic treat- 
ment in which the colloidal gold reaction changed but in only one did 
it become negative Miller and Levy 11 concluded that it was possible 
that this test, m comparison with those used formerly, might prove to 
be more sensitive as an indicator of the results of specific therapy 
m syphilitic diseases of the central nervous system 

Miller, Brush, Hammers and Felton 12 had one case of paresis in 
which, after an extensive course of treatment, a negative curve resulted, 
but this was the only one returning to normal Two tabetic curves, 
however, became negative under treatment and others became atypical 
Ayer 13 concluded that all spinal fluid tests are without value in indi- 
cating progress under treatment Grulee and Moody 14 reported one 
case of congenital syphilis in a patient three weeks of age, in which a 
positive colloidal gold reaction, under treatment, became negative at 


5 Swalm and Mann The Colloidal Gold Test on Spinal Fluid in Paresis 
and Other Mental Diseases, New York M J 101 719, 1915 

Black, Rosenberg and McBride The Colloidal Gold Test, JAMA 
•69 1855 (Dec 1) 1917 

7 Mehrtens Discussion, Calif State M J 16 170, 1918 

8 De Crinis and Frank Ueber die goldsol reaktion lm Liquor cerebro- 
spinalis, Munchen med Wchnschr 61 1261, 1914 

9 Farnell Observations on the Colloidal Gold Reaction, Providence M J 
16 158, 1915 

10 Hammes The Comparative Value of the Wassermann, the Colloidal 
Cold and Other Spinal Fluid Tests, Am J M Sc 154 625, 1917 

11 Miller and Levy The Colloidal Gold Reaction in the Cerebrospinal 
Fluid, Bull Johns Hopkins Hosp 25 133, 1914 

12 Miller, Brush, Hammers and Felton A Further Study of the Diagnostic 
Value of the Colloidal Gold Reaction, Together with a Method for Preparing 
the Reagent, Bull Johns Hopkins Hosp 26 391, 1915 

13 Ayer Rational Use of Spinal Puncture, J Ner\ & Men t Dis 46 429, 
1917 

14 Grulee and Moody Lange’s Gold Chlorid Test on the Cerebrospinal 
Fluid in Congenital Lues, J A M A 61 13 (Nov 22) 1913 
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six weeks and they concluded that treatment modified the reaction but 
to a less degree than it did the Wassermann Kaplan and McClelland 15 
noted a persistence of the curve in well treated cases and suggested that 
it might be analogous to the “Wassermann-fast” condition Solomon 
and Southard 10 thought that the colloidal gold reaction might remain 
positive after all the other tests became negative, or at times the col- 
loidal gold and Wassermann reactions might both persist In their 
series they saw three cases with negative colloidal gold reactions, while 
the other tests were positive, hence concluded that changes in the tests 
do not parallel the clinical condition of patients Solomon, Koefod and 
Welles 17 found that after intradural or intravenous treatment only 
slight curves may show One typical paretic after three weeks’ treat- 
ment with mercury gave a curve of 0011100000 Lee and Hinton 18 
considered that cases having had arsphenamized seium did not give 
uniformly typical gold curves 

Lowrey 10 noted paretic curves becoming syphilitic in type and later 
said 20 that serologic findings might definitely increase under treatment 
with or without corresponding clinical signs, thus emphasizing the 
importance of the provocative reaction in rare cases He also stated 
that a negative spinal fluid is not absolutely conclusive evidence of the 
absence of neurosyphihs Robertson 21 thought that the chaiacter of 
the curve varied with the clinical improvement or regression of each 
case, and cited two cases of tabes with curves becoming negative San- 
born 22 said that the intensity of the curve diminishes with successive 
treatments Vogel 23 noted five cases of tabes under mtraspinal treat- 
ment showing a distinct flattening of the curve in correspondence to* 
the patient’s clinical condition and concluded that the colloidal gold 
test is the most sensitive indicator of the changes in the central nervous 
system 

Contemplation of this wide variability of the opinion of different 
authors leads to a justifiable confusion of ideas, but some elucidation 

15 Kaplan and McClelland The Precipitation of Colloidal Gold, JAMA 
62 511 (Feb 14) 1914 

16 Solomon and Southard Notes on Goldsol Diagnostic Work in Neuro- 
syplnlis, J Nerv & Ment Dis 45 230, 1917 

17 Solomon, Koefod and Welles The Diagnostic Value of Lange’s Goldsol 
Test, Boston M & S J 173 957, 1915 

18 Lee and Hinton A Critical Study of Lange’s Colloidal Gold Reaction «n 
Cerebrospinal Fluid, Am J M Sc 148 33, 1914 

19 Lowrey Cerebrospinal Fluid Tests, Especially the Gold Reaction in Psy- 
chiatric Diagnosis, J Nerv & Ment Dis 46 186, 1917 

20 Lowrey Further Observations on Neurosyphihs and the Psychoses, Arch 
Neurol & Psychiat 3 500, 1920 

21 Robertson Discussion, Boston M & S J 174 136, 1916 

22 Sanborn Discussion Ibid 

23 Vogel The Nature and Interpretation of the Colloidal Gold Reaction, 
Arch Int Med 22 496 (Oct ) 1918 
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may be brought about by the introduction and discussion of a few 
fundamental conditions First, it is an accepted fact m most labora- 
tories that an absolutely standard solution of colloidal gold cannot be 
prepared It may answer all requirements usually made 2 yet with 
equally satisfactory but different solutions one may obtain slightly 
different curves with the same spinal fluid These different curves, 
however, fall into the same zones and are relatively the same, varying 
only m intensity Therefore, one must expect that curves in treated 
cases may vary somewhat because of the different solutions necessarily 
used Second, it must be borne in mind that one may meet all types 
of curves varying from those on the borderline or practically negative 
to very definite, well marked curves It is easy to understand, there- 
fore, that the worker dealing with a marked, well established curve may 
arrive at an opinion very different from that of another observer con- 
cerned chiefly with low curves and patients tested comparatively early 
in the course of their disease Third, only by a detailed and careful 
study of a considerable number of cases under carefully noted treat- 
ment is one justified in arriving at any definite conclusion Conclusions 
indicated by a small series of cases may be overthrown entirely by 
fuither observations 

At the University Hospital the usual method of treatment consists 
of intravenous injections of arsphenamin (recently of neo-arsphenamm) 
followed by spinal drainage twenty minutes later, given at intervals of 
from five to seven days This method yields frequent spinal fluids for 
examination during the course of treatment, and, therefore, makes 
possible the detailed study suggested These arsphenamin treatments 
were usually preceded or accompanied by mercury m the form of “rubs” 
or intramuscular injections A few of the earlier cases received ars- 
phenamized serum mtraspinally These cases are noted m the tables 
Occasionally, for various reasons, drainage was not done, or the fluid 
obtained was bloody and not fit for routine examination, thus causing 
an apparent wide gap between spinal fluids examined Also occa- 
sionally a patient received treatments outside the hospital and conse- 
quently a complete record was not always available 

The accompanying tables represent graphically the results obtained 
in this study They have been abridged as much as possible, par- 
ticularly the clinical notes, but the mam facts on which the diagnosis 
was based are given The Wassermann tests were made under the 
supervision of Dr W P Larson, chief of the department of bac- 
teriology, but the other laboratory tests were performed by myself 
according to the technic described in an earlier publication , 2 thus 
eliminating, as far as possible, the personal equation 

By curves m Zone I, the so-called “paretic zone,” are meant curves 
showing their maximum intensity m the first five tubes, the higher dilu- 
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tions, such as 5555543100, which are usually found in cases of paresis 
and also quite frequently in cases of multiple sclerosis By curves in 
Zone II, the so-called “syphilitic zone,” are meant those showing no 
change m the highest dilutions but appearing and reaching a maximum 
in the center, as 0023311000, usually seen in tabes and cerebrospinal 
syphilis and occasionally in multiple sclerosis The last five tubes con- 
stitute Zone III, or the so-called meningitic zone, and here appear the 
numerous “irritative” curves associated with tumors of the brain or 
spinal cord, myelitis or meningitis of the various types 

In this senes fluids from 35 patients were observed under more or 
less intensive treatment Of these, two showedmo curves, leaving only 
thirty-three curves that were studied Such a series, particularly as 
a few were observed only for a short time, is still too small to enable 
one to reach any absolutely definite conclusions regarding the effect 
of antisyphihtic treatment on the colloidal gold reaction However, 
some very significant facts are brought out 

All of these fluids may roughly be divided into three classes (1) 
those showing no change under treatment, (2) those decreasing in 
intensity or becoming negative and (3) those increasing in intensity 
Such a division is, of course, arbitrary and somewhat unsatisfactory, 
as many fluids are on the borderline between the classes, but, m spite 
of that fact, it will give a better idea of the results obtained than a 
consideration of the tables as a whole In Class 1, if we consider the 
last examination (which represents only the cessation of spinal punc- 
tures and not the terminal condition of the fluid) we find nine fluids, 
or 27 per cent , remaining unchanged In Class 2, seventeen fluids or 
515 per cent , decrease in intensity, and in Class 3, seven fluids, or 
21 5 per cent increase in intensity 

Therefore, judging from this limited series, one is justified m the 
assumption that the majority of the colloidal gold curves do actually 
decrease in intensity after treatment At the same time, however, one 
must note that of these thirty-three curves only five, or 15 per cent, 
came down to an absolute negative, and even m these five one must 
admit the possibility of the reappearance of the curve if later fluids 
had been examined On the other hand, one is confronted by the 
possible inadequacy of the treatment, and it must be admitted that, if 
continued often enough, the colloidal gold curves might have become 
permanently negative However, with the figures at hand one is 
justified m making the statement that even though the colloidal gold 
curve decreases during treatment it very rarely disappears entirely 
The results of these tables point to the fact that, in general, the 
more pronounced curves, particularly in Zone 1, resisted the effect of 
treatment to a much more marked degree than did those of Zone II 
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The less pronounced curves responded to treatment and more readily 
returned to normal But in these last cases no more and fre- 
quently much less clinical improvement was noted than m those 
having more pronounced curves which so successfully resisted treat- 
ment For example, Case 15695 showed very marked clinical improve- 
ment and by keeping up tieatment at the dispensary the patient was 
enabled to live a fairly normal and useful life for a numbei of years, 
yet her spinal fluid showed at all times a pronounced curve and usually 
a positive Wassermann While this illustrates very well the discrepancy 
between clinical improvement and spinal fluid findings, it points ver} 
definitely to the fact that, although clinical improvement was marked, 
a cure had not been effected and treatment could not be discontinued — 
a fact borne out by clinical symptoms On the other hand, Case 16137 
was a patient who was bedridden and helpless, while his fluid was 
entirely negativ e, suggesting that a definite curve, when present, repre- 
sents an uncured condition, while a negative one might occasionall) 
prove to be of little value m diagnosis or prognosis Another patient 
(Case 13428), whose fluid showed a marked decrease m findings, had 
a very temporary improvement, following which he was worse than 
before 

Case 16137 presented a textbook picture of tabes with typical Char- 
cot joints, yet five different spinal fluids taken during the course of 
treatment were all negative with eveiy routine test One must con- 
sider here the possibility of previous treatment not obtained in the 
history, but even in that instance it proves quite conclusively that the 
spinal fluid findings do not always parallel the clinical progress of the 
disease in many instances 

Another case deserving of comment is Case 16942 in which, in the 
absence of any other demonstrable cause for the symptoms, syphilis 
was considered and treatment instituted The curve was rather an 
indefinite one, pointing more to an irritative type (Zone III) than to 
a syphilitic type (Zone II) However, during the course of the tieat- 
ment and development of the disease, the curve changed from 001333- 
3110 to 0000112211 Here, then, is a case proven at necropsy to be a 
neoplasm of the meninges and not syphilis, yet the colloidal gold curve 
diminished under specific treatment One must consider here, of 
course, the possibility of syphilis in conjunction with the neoplasm, but 
the absence of a positive Wassermann or necropsy evidences practically 
eliminates such a condition 

Of the greatest significance of all is Case 15695, in which twenty- 
one spinal fluids were examined during a period of four }ears, while 
the patient was receiving treatment She was admitted fo the Uni- 
versity Hospital on various occasions with w r ell marked symptoms of 
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taboparesis, but each time .improved markedly under treatment and 
was m this way enabled to be up and about as usual most of the time 
But always on a “vacation” from treatment she had prompt recurrence 
of tabetic symptoms and mental disturbances During these four years 
her spinal fluid has shown a typical paretic curve in spite of clinical 
improvement Only once, and that comparatively early in the course, 
did the curve drop back into Zone II , the Nonne showed a great deal 
of fluctuation and the Wassermann was occasionally negative but the 
colloidal gold reaction remained constant 

Another point of interest that attracts one’s attention on examina- 
tion of the tables is the apparent “provocative” leaction, well illustrated 
by Cases 15803, 15857 and 15990 It is significant that the Wasser- 
mann also became positive undei treatment These cases prove quite 
conclusively a fact much disputed m the literature, namely, that a pro- 
vocative reaction is possible in the spinal fluid as well as in the blood 
Theiefore, a patient suspected of having an incipient syphilitic infec- 
tion of the central neivous system should not be pronounced free of 
the disease until an entirely negative spinal fluid has been obtained 
following one or several antisyphilitic treatments 

Occasionally one sees a spinal fluid giving a negative cuive after 
treatment but very soon becoming positne again This is very fre- 
quently (but not always) accompanied by a drop m the cell count and 
a negative Wassermann, as in Case 17811 Because pf this fact, undue 
emphasis as to prognosis or regulation of the amount of therapy should 
not be put on one negative colloidal gold curve or a negative Wasser- 
mann, as only too often it is followed by later positive results, some- 
times even more marked than formerly, if latei spinal punctures be 
done It also suggests the advisability of doing an occasional prophy- 
lactic spinal puncture on a patient who appears cured and has shown 
an entirely negative spinal fluid While one admits that there is a 
marked lack of correlation between the colloidal gold curve and the 
seventy or pi ogress of the disease, on v e must grant that as long as a - 
patient shows positive findings m his spinal fluid he cannot be con- 
sidered cured \ 

In many of the cases m this senes ther\was a definite intensifica- 
tion of the curve during tieatment, and this can only be explained by 
suggesting the possibility of an increase m the extent or severity of 
the disease or by a temporary activation of the infection, causing an 
increase m the substances m the cerebrospinal fluid which precipitate 
the colloidal gold 

One very practical lesson to be learned from this study is the 
importance of a detailed history concerning former syphilitic treatment 
A diagnostician seeing one of these patients for the first time might 
be led rather far afield if he placed much dependence on the spinal fluid 
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findings, all of which were negative or indefinite because of former 
treatment For example, Case 19080 never showed a very pronounced 
colloidal gold curve although the other tests suggested tabes In an 
attempt to find a reason for this, more detailed questioning revealed 
the fact that he had had fairly intensive treatment before being 
admitted to the hospital Therefore, the colloidal gold reaction, \\ Inch 
has been proved to be of primary importance in the diagnosis of aftec- 
tipns of the central nervous system, may lose its significance and impor- 
tance after the antisyphihtic treatment has been instituted A marked 
curve, should it persist, will still be a valuable aid to diagnosis and to 
a less degree prognosis, but a low or negative curve may be only a 
detriment m the final consideration of the facts of the case 

It should here be stated that the treatment referred to is that of only 
the tertiary stage or that administered aftei the time which has elapsed 
until the usual appearance of the tertiary stage Treatment given in 
the primary or secondary stages will either prevent the appearance of 
the lesions of the central nervous system or have no effect whatsoever 
on their tardy development Much has been said m the current med- 
ical literature by various authors about the colloidal gold curve becom- 
ing atypical after treatment, although no detailed figures are given 
to show exactly what is meant by such a term But those statements 
are not borne out in this series Some curves decreased m intensity 
or disappeared altogether, but as long as they were present at all 
they remained m the same zone and were of the same type as when at 
their greatest intensity In a very few instances, however, a curve 
m Zone I dropped back to Zone II after treatment, suggesting that that 
might be the order of disappearance , even then they were typical for 
Zone II But m our series the majority of curves in Zone I resisted the 
effects of treatment 

The behavior of the Nonne, cell count and Wassermann reaction 
toward the antisyphihtic treatment is also of intei est here Of the 
thirty-five cases shown in the tables the Wassermann remained positive 
throughout in 15, or 43 per cent , it became negative in 12, or 34 5 
per cent , in 4, or 11 5 per cent it was negative thioughout and in 6, 
or 17 per cent , it was negative at some time but again became positive 
and of these 6, 3 were “provocative ” 

The Nonne was uniformly positive in 16, or 45 pei cent , variable 
m 19, or 54 per cent , of which 6, or 1 7 per cent , became finally nega- 
tive, and 8, or 23 per cent , were “provocatn e ” 

The cell count varied widely and appaiently bore no relationship 
to the intensity or fluctuation of the colloidal gold curve or clinical 
progress or improvement of the disease This -variation m the cell 
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count has been noted by Mitchel, Dai ling and Newcomb, 24 who m two 
weeks made 300 counts on thirty-four patients with untreated syphilis, 
and found great vanations in short intervals m every stage of the dis- 
ease and no parallelism with the clinical symptoms Solomon and 
Koefod, 25 in a similar study of cases after treatment, found a great 
variation m the number of cells, often in intervals of only a few days, 
and concluded that the cell count gives no definite information on dura- 
tion, severity or prognosis of the disease and is of no value in differen- 
tiating between the different types of syphilitic infection of the central 
nervous system, which observations are borne out by this series It may 
be noted here, however, that there was usually a decrease of cells under 
treatment, and they do not follow the colloidal gold curve or Wasser- 
mann in the provocative reactions 

When confronted by these apparently variable results, m seeking 
an explanation one naturally turns to the somewhat vague and variable 
theories of the cause of the action of the syphilitic spinal fluids on 
the colloidal gold and the resulting precipitation One is first tempted 
into the field of theorizing by the possibility of the actual presence 
of the Spn ochaeta pallida m the spinal fluid We are accustomed to 
think of the late localization of this spirochete in the central nervous 
system as the actual cause of the various syphilitic infections of the 
brain or spinal cord — a condition which may be pi evented by early 
and vigorous treatment However, while admitting the possibility, one 
does not admit the probability of the spirochetes being the actual cause 
of colloidal gold curves The difficulty with which the spirochetes are 
found in the fluid, the long persistence of the curve after the lesions 
have become chronic and inactive, and the lack of relationship between 
the curves and clinical symptoms or improvement do not support such 
a theory 

Second in consideration comes the possibility of the presence of 
antibodies being the causative factor, due to the intimate association 
of the spinal fluid and affected parts We believe these antibodies to 
be the cause of the Wassermann reaction in the spinal fluid However, 
the positive Wassermann and colloidal gold curves, while usually asso- 
ciated, frequently appear and disappear at entirely different times, 
occasionally one persisting long after the other Therefore, one is 
justified in the assumption that they may be caused by entirely different 
substances 

A third possibility to be considered is that of changes, due to the 
disease, m the permeability of the choroid plexus, thereby causing a 

24 Mitchel, Darling and Newcomb Observations on Spinal Fluid Cell Count 
in Untreated Cases of Cerebrospinal Syphilis, J Nerv & Ment Dis 41 686, 1914 

25 Solomon and Koefod Significance of Changes in Cellular Content of 
Cerebrospinal Fluid in Neurosyphihs, Boston M & S J 173 996, 1915 
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change in the constituents of the spinal fluid This has been thought 
to be true in meningitis where one has reason to believe that there is 
leakage of blood serum into the cerebrospinal fluid, a fact which is 
borne out by the ability to produce the same curve m Zone III by 
adding blood serum to the spinal fluid One finds it difficult to behe\ e, 
moreover, that the secretory apparatus could be so changed by the 
same organism as to produce products giving curves as different as 
those of paresis and tabes 

The last and most plausible possibilty is that of definite changes 
or lesions produced in the central nervous system and giving off sub- 
stances into the cerebrospinal fluid In all probability advanced syph- 
ilitic lesions, like tuberculous lesions, are not cured or obliterated by 
treatment but merely rendered inactive or stationary It is easy to 
believe, then, that these persisting lesions may continue to give off 
substances which may produce positive colloidal gold curves for a long 
period of time This theory is strengthened by the fact that the earliei 
less marked cases show a colloidal gold curve soon returning to normal, 
while the later, well developed cases show a curve which resists all 
treatment It is also possible that the type of this lesion may vary 
somewhat in individual cases which may mean that substances slightly 
different in amount or constituents may appear m various cases and 
produce colloidal gold curves which, while adhering to type, behave 
differently toward antisyphilitic treatment 

The elusive character or composition of such a substance has led 
to much conjecture and, as yet, incomplete experimental work Wes- 
ton, 20 thought that the reaction was caused by a globulin Felton 27 
considered it to be the effect of the relationship between the globulin 
and albumin — the former precipitating, the later protecting Cruick- 
shank 28 in a more recent article, after careful experimental work, 
found the colloidal gold curve to be caused by a change m the globulin 
and not merely increased globulin 

SUMMARY 

1 The colloidal gold reaction shows a tendency to decrease under 
the influence of antisyphilitic treatment, but may remain unchanged 
or even increase m intensity 

2 The more pronounced the colloidal gold curve the less it is 
affected by treatment On the other hand, the lower curves are more 
readily brought down to normal 

26 Weston The Colloidal Gold Precipitating Substance in the Cerebro- 
spinal Fluid in Paresis, J Med Res 34 107, 1916 

27 Felton Cerebrospinal Fluid and the Colloidal Gold Test, New York M J 
110 1170, 1917 

28 Cruickshank The Value and Mechanism of the Colloidal Gold Test Brit 
J Exper Path 1 107, 1920 
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3 A positive colloidal gold curve may be of diagnostic value in 
cases having received previous treatment, but a negative reaction is 
of less significance 

4 A “provocative” reaction may appear m the spinal fluid as well 
as m the blood Wassermann as a result of the institution of treatment 

5 The colloidal gold reaction does not parallel or follow the clin- 
ical symptoms of the progression 1 ^ regression of the disease 

6 If the colloidal gold curve changes after treatment, it increases 
or decreases in intensity and occasionally drops back into another zone, 
but is usually a symmetrical curve and does not become atypical 

7 The Nonne and Wassermann reactions tend to parallel the col- 
loidal gold curve in its behavior to treatment and m the provocative 
reaction 

8 The cell count is increased only in spinal fluids from cases show- 
ing affection of the central nervous system, but even in such cases it 
is not always constant and bears very little relationship to the other 
routine tests or to clinical signs, improvement or provocative reactions 


SINISTRALITY IN RELATION TO HIGH BLOOD 
PRESSURE AND DEFECTS OF SPEECH 

CLARENCE QUINAN, MD 
SVN fr\x cisco 

INTRODUCTION 

From the clinical point of view, left-handedness is usually regarded 
as an insignificant physical peculiarity Various authors, it is true, 
point out that this affection may have a background of psychomotor 
symptoms, but such statements seem to have attracted very little atten- 
tion In 1870, Cooke 1 declared bis belief that all left-handed persons 
are “more or less ‘odd,’ ” and this is probably a fair expression of 
current opinion on the subject today It does not appear to be generally 
known that in addition to a simple form, there are crossed forms of 
left-handedness or sinistrality The simple, familiar form may reveal 
itself m an individual through some deviation from the right-handed 
conventions On the other hand, the crossed forms are latent and 
unless they are sought for they escape observation Left-eyedness, for 
example, is not uncommon in the right-handed and, conversely, right- 
eyedness is common m simstrals The etiology of these mixed types 
is obscure Perhaps, in some instances they may be due to a com- 
pulsory change of handedness effected in early childhood Few reports 
are available in the literature as to the relative numerical impor- 
tance of the crossed forms, but they appear to be more prevalent than 
simple left-handedness 

The object of this paper is (1) to review the literature of the subject 
and (2) to present the results of an investigation of left-handedness 
in relation to high blood pressure and speech defects 

REVIEW OF LITERATURE 

In view of the fact that more or less exhaustive analyses of the 
literature of left-handedness are available in the papers of Beeley, 2 
Smith 3 and others, it will suffice for the present purpose to consider 
previous contributions with especial reference to (a) heredity, (b) 
prevalence and (c) symptoms 

Heiedity — Bardeleben 4 carried out extensive osteologic studies on 

1 Cooke, R H Left-Handedness Lancet 2 526 1870 

2 Beelej, A L Left-Handedness Am J Phjs Anthrop, 2 389 1919 

3 Smith LG A Brief Survey of Right-Handedness and Left-Handedness 
Pedagogical Sem , 24 19, 1917 

4 Bardeleben K Ueber bilaterale Asymetrie beim Menschen und bei 
hoheren Tieren, A.nat Anz 34 Erganzungshft 2, 1909 
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the higher anthropoid apes by means of comparative measurements of 
the long bones of the extremities His results prove that, as a rule, 
the bones of the right side are the longer Mollison (cited by Barde- 
leben) found that nghthandedness is characteristic of man, the orang 
and the gibbon It is most pronounced in man, less marked m the 
orang, and still less in the gibbon Bardeleben states that his own 
lesults and those of Mollison show unmistakably that right-handedness 
and left-handedness occurs among the primates, but that the available 
data are inconclusive in many respects and throw very little light either 
on a primitive source of left-handedness or on any determining factor, 
aside from the general one of heredity 

Ratnaley, 5 from a caieful analytical study of data derived from 
610 parents and 1,130 children, concludes that left-handedness is a 
mendelian recessive, and that "the condition probably exists in about 
one-sixth of the population ” 

Lithgow G gives an account of a family m which the “eldest son 
for three generations at least has been left-handed ” 

Pievalence — Biblical authority (Judges xx, 15-16) establishes the 
fact that the tribe of Benjamin, which numbered about 25,000 men 
capable of bearing arms, had 700 left-handed soldiers who were 
especially skillful with the sling In that remote age, therefore, accoid- 
mg to this evidence, less than 3 per cent of the male population were 
smistrals 

Modern statistics are probably more trustworthy Schaefer, 7 Bal- 
lard 8 and Smith 3 found, respectively, 4 06, 4 and 4 5 per cent of 
left-handedness from surveys of a combined total of 32,318 school 
children Stier 9 noted 5 1 per cent as the proportion among 5,000 
army recruits Both Ireland 10 and Smith 3 reported 11 per cent of 
left-handedness from their investigations of imbecile and feebleminded 
children Smith 3 states that the proportion among 500 delinquents 
was 6 and 11 per cent, respectively, for boys and girls, whereas the 
proportion among 500 deaf was 4 5 per cent 

From the statistical data just given it is obvious that approximately 
4 per cent of normal people are left-handed 

Turning to the question as to the frequency of latent or crossed 

sinistrality, two reports are available in the literature Ballard 8 tested 
\ 

5 Ramaley, F Inheritance of Left-Handedness, Am Naturalist, 47 730, 
1913 

6 Lithgow, R A Left-Handedness, Lancet, 2 660, 1870 

7 Schaefer, M Die Linkshander in den Berliner Gemeindeschulen, Berl 
klin Wchnschr , 1 295, 1911 

8 Ballard, P B Sinistrality and Speech, J Exper Pedagogy, 1 298, 1911 

9 Stier, E Linkshandigkeit, besonders in der Armee, Deutsch med 
Wchnschr, 35 1587 1909 

10 Ireland, W W Notes on Left-Handedness, Brain, 3 207, 1880 
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fifty-one left-handed people with respect to the “fixing-eje” and found 
that 57 per cent of them were right-eyed and 43 per cent were left- 
eyed Hartshorne 11 found nine left-eyed individuals among se\ent)- 
two right handed patients Of three left-handed patients, he states 
that two proved to be right-eyed and one left-eyed 

Symptoms — (a) Psychomotor Stier 9 emphasizes the fact that 
enuresis is a common symptom among simstrals 

Ballard 8 makes use of the term “dextro-smistral” for an indiwdnal, 
naturally left-handed, who from early childhood has been tiained to 
use the right hand, and he points out that many stammerers belong 
in this class Stier 9 agrees with Ballard that speech disturbances are 
particularly common among the left-handed, and the observations of 
Hollis 12 are m accord with this view The statement of Liepmann 13 
that left hemiplegia m a sinistral is rarely accompanied by motor 
aphasia also is of interest in this connection 

(b) Visual Wray 14 described two ocular tests of left-handedness 
m the following words “It is common knowledge that though the 
vision is perfect m each eye and the refraction normal, nearly every 
person has a master-eye, this is determined by holding a ring at arm's 
length with both eyes open and covering an object a few yards away 
A left-eyed person on shutting his left eye will find the ring too far 
to his left If, on the other hand, he shuts his right eye he finds 
he is dead-on his object ” Another point to which reference 

may be made is the almost invariably superior coordination of the right 
hand with the right eye To show this, facing 6/24 of Snellen’s 
type, point promptly at the middle letter with the index finger of the 
right hand and shut the left eye If righthanded the pointing is 
accurate Now by pointing with the left index finger m the same 
way it will be found the pointing is accurate if the experimenter is 
left-handed but inaccurate if he is right-handed ” 

Rosenbach, 19 Baudouin, 10 Enslin 17 and Griesbach 18 fully confirm 
Wray’s findings 

11 Hartshorne, I Right-Handedness and Left-Handedness, Alban} M 
Ann, 32-338, 1911 

12 Hollis Lopsided Generations, J Anat & Physiol , 9 263, 1875 

13 Liepmann, H Ueber die wissenschaftlichen Grundlagen der sogenannten 
“Linkskultur,” Deutsch med Wchnschr, 37 1249, 1911 

14 Wray, C Right-Handedness and Left-Brainedness, Lancet, 1 683 
(March 7) 1903 

15 Rosenbach, O Ueber monokulare Vorheerschaft beim binohularen Sehcn, 
Muench med Wchnschr 2 1290 (July 28) 1903 

16 Baudoum, M Droiture et Gaucherie oculaires, Gaz med de Par, 
Series 13, 4 353 (July 23) 1904 

17 Enslm Kurze Mitteilung ueber ein Augensjmptom bei Linkshandern, 
Munchen med Wchnschr , 57 2242, 1910 

18 Griesbach, H Ueber Linkshandigkeit, Deutsch med Wchnschr , 45 
1408 (Dec 18) 1919 
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The objective data which have been referred to m this outline of 
the literature seem definitely to prove (1) that left-handedness is 
hereditary, and (2) that it strongly suggests a relative inferiority m 
the organization of the central nervous system The evidence in sup- 
port of the first point is thought to be conclusive With regard to the 
second point, the relatively frequent occurrence of speech defects 
among the left-handed would seem to show that, m comparison with 
right-handed people, they find themselves at a disadvantage in the 
execution of finely coordinated movements Moreover, sinistrality is 
exceptionally prevalent among the feebleminded 

RESULTS OF PERSONAL INVESTIGATIONS 

Technic and Results — As a tentative theoretical basis for the work 
here reported, four general propositions were kept in view 

1 That left-handedness is hereditary 

2 That left-handedness implies a relative inferiority in the organ- 
ization of the central nervous system 

3 That the etiology of high blood pressure is unknown 

4 That if high blood pressure may be construed as m any sense 
indicative of constitutional inferiority, or of stresses or maladaptation 
in the central nervous system, then, comparative blood pressure deter- 
minations m right-handed and left-handed individuals, about of the 
same age, might yield information of some value 

In order to secure practical data, blood pressure observations were 
made on 142 inmates of the San Francisco Home for the Aged In 
this institution there are 733 ambulatory males whose ages range from 
44 to 89 years A majority of the men are over 60, and only five 
men under 50 were encountered in the course of this work Ruling 
out those who were rendered unavailable for examination because of 
loss of vision m one or both eyes, posthemiplegic contractures and other 
lesions, approximately 600 men were included in the survey All of 
these old people live under the same conditions of housing and food 

Method of Testing — Each man was questioned as to his handedness 
and as to whether he had been a stammerer m childhood or had suffered 
from other defects of speech During the interrogation it was borne 
in mmd that left-handedness may be simple or crossed and so the 
queries were varied to suit individual cases In this way smistrals 
1 were found who prefer to employ the left hand only m certain activities, 
and one right-handed simstral was found who stated that although he 
fires a gun from the right shoulder he takes aim with the left eye Pure 
smistrals, of course, make use of the left hand .practically m every 
manipulation They hold a knife, spoon or pen in the left hand, fire 
a gun from the left shoulder, and wield various implements with the 
left arm and hand 
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The “master-eye” was determined m each individual by means of 
Wray’s tests, and, as a rule, the results were definite and satisfactory 
For confirmative ewdence, however, I made use of a pointing test 
based on Ballard’s “cigar-box” test A wooden “pistol” with a barrel 
nme inches long was used Each end of the barrel is furnished with 
a sight of fine steel wire one inch in height The man to be tested 
is directed to seize the “pistol,” hold it at arm’s length and, with 
both eyes open, quickly point it at the observer and at the same time 
to bring the sights into line If now the observer faces the “pistol” 
at a distance of twenty feet or more, it is at once apparent to him 
with which eye the man takes aim The “fixmg-eye” usually lemams 
the same, irrespective of the hand m which the “pistol” is held 
Systolic blood pressure observations were made m the customary 
manner with Faught’s instrument 

Results — (a) Simstrals In the examination for handedness of 
abount 600 men, forty-two simstrals were found These simstrals 
include twenty-eight left-handed and fourteen right-handed individuals 
The visual tests led to an even division of the twenty-eight left- 
handed men, as 50 per cent of them proved to be nght-eyed and 
50 per cent left-eyed On the other hand, the fourteen right-handed 
men were found to be left-eyed In view of these findings, therefore, 
it became possible to subdivide the original forty-two simstrals into 
three equal groups, designated as Group 1, left-handed, left-eyed, 
pure simstrals , Group 2, left-handed, right-eyed, crossed simstrals, and 
Group 3, right-handed, left-eyed crossed simstrals 

Although no record of the number was kept, it seems worth while 
to note the fact that fully one-half of the men in Groups 2 and 3 
laid claim to ambidexterity 

Five men m Group 1 and two men in Group 2 gave a history of 
stammering Group 3 was negative m this respect 

(b) Dextials For comparison with the simstrals, blood pressure 
observations were made on 100 unselected, right-handed, right-eyed 
dextrals The members of this group were secured from a large 
assemblage of the men, in the order in which they came forward for 
examination, and they are in every way representative of the general 
body of inmates at the Home Each man was questioned as to his 
handedness and his eyes were examined in the manner already 
described All men thus tested who proved to be both right-handed 
and right-eyed were accepted as dextrals and determinations of blood 
pressure were made forthwith 

Five men in the dextral group gave a history of stammering 
The general results obtained m the examinations of the four groups 
are brought together for comparison in Tables 1 and 2 
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TABLE 1 — Comparative Blood Pressure Determinations in Sinistrals, 
Crossed Sinistrals and Dextrals 


Group 1 14 pure smistrals (left handed, 
left eyed men) 

Group 2 14 crossed sinistrals (left-handed, 

right eyed men) 

Group 3 14 crossed smistrals (right-handed, 
left eyed men) 

Group 4 100 pure dextrals (right handed, 
right eyed men) 


Mean Age 

Blood Pressure 1 alues 

0\er 1 
150 Mm , 
per Cent 

150 Mm 
or Less, 
per Cent 

Mean 
\ alae, 
Mm 

65 5 

71 4 

28 5 

160 7 

68 2 

85 7 

14 2 

182 1 

63 2 

71 4 

28 5 

174 a 

69 4 

40 0 

i 

54 0 

1 

154 5 


TABLE 2 — Speech Defects in Sinistrals, Crossed Sinistrals axd Dextrals 


» 

History of 
Stammering in 
Childhood, 
per Cent 

Group 

1 

pure sinistrals 

35 7 

Group 

2 

crossed sinistrals 

14 2 

Group 

3 

crossed sinistrals 

00 

Group 

4 

pure dextrals 

50 


SUMMARY 

A survey of approximately 600 men between the ages of 44 and 
89 was made with a view to determine (1) the relation of left-handed- 
ness to high blood pressure and (2) the relation of left-handedness to 
defects of speech The following results were obtained 

1 Forty-two smistrals or 7 per cent were found Classified with 
reference to the dominant or “master-eye,” these smistrals form three 
groups, designated as 

Group 1, left-handed, left-eyed, pure smistrals 

Group 2, left-handed, right-eyed, crossed sinistrals 

Group 3, right-handed, left-eyed, crossed smistrals 

2 Compared with a group of 100 right-handed, right-eyed, pure 
dextrals, the mean blood pressure values observed in the sinistral groups 
were from 7 8 to 17 8 per cent higher 

3 A mean value of 154 5 mm was obtained for the dextral group 
The mean value obtained , for the crossed smistrals of Group 2, was 
182 1 mm 

4 In the three sinistral groups blood pressure values higher than 
150 mm were noted in from 71 to 85 per cent of the men, as against 
46 per cent m the dextral group 

5 Five per cent of the pure dextrals gave a history of stammering 
The proportion in the group of pure smistrals was 35 7 per cent 















Q U IN A N — S INIS T RA L1T\ AND BLOOD PELS SURD 


261 


CONCLUSIONS 

1 High arterial tension occuis moie frequently in left-handed than 
in right-handed people 

2 In view of the evidence submitted that left-handedness is heredi- 
tary, and that it indicates a defective organization of the central ner\ous 
system, it is concluded that hereditary predisposition is a definite factor 
in the etiology of high blood pressure, and that high arterial tension 
is suggestive of constitutional inferiority 

3 As compared with dextrals, stammenng occurs in simstrals with 
a frequency from three to seven times gi eater 



THE SIGNIFICANCE OF THE EMBOLIC GLOMERULAR 
LESIONS OF SUBACUTE STREPTOCOCCUS 
ENDOCARDITIS * 

GEORGE BAEHR, MD 

NEW YORK 

In a previous paper 1 based on a study of the kidneys of twenty- 
three cases of subacute bacterial endocarditis due to the Sti eptococcns 
anliemolytmis (StJ cptococcus vmdans), it was found that m twenty- 
three of the cases a distinctive pathologic lesion existed m the glomeruli 
This pathologic picture had previously been described by Loehlem 2 
in two cases of the disease As a result of our more extensive study, 
we were inclined to believe that the lesion was specific for this disease 3 

We were also able to demonstrate at that time that the lesions, as 
had been suspected by Loehlem, are due to small bacterial emboli which 
destroy one or more loops at some part of a glomerulus Eventually, 
complete organization of this damaged segment takes place by invasion 
of fibroblasts from the periphery of Bowman’s capsule 

The salient features of the lesion which serve to differentiate it 
trom other types of glomerular disease are, first, the involvement of 
one or more loops of a variable number of glomeruli, second, the 
absence of any visible disease in the unmvolved glomeruli and in the 
umnvohed portions of affected glomeruli , and thirdly, the association m 
most of the bacterial cases of all stages of the glomerular process, often 
seen m a single microscopic section 

These characteristic embolic glomerular lesions usually involve only 
a small minority of the glomeruli To date, a wealth of material has 
been accumulated, seventy-seven cases of subacute streptococcus endo- 
carditis having come to necropsy at the Mount Sinai Hospital, and 
m only six were as many as from 60 to 90 per cent of the glomeruli 
involved by the embolic process 

Because of the almost universal involvement of the glomeruli m 
these cases, the microscopic picture appeared at first glance not unlike 

* From the Pathological Laboratory of the Mount Sinai Hospital Work 
done during the tenure of the George Blumenthal, Jr , Fellowship m Pathology 

1 Baehr, G J Exper M 15 330, 1912, Am J M Sc 144 327, 1912 

2 Loehlem Med Klin 6 375, 1910 

3 Since that time (1912) we have had occasion to modify this view slightly 
One exception has since come under observation m which typical glomerular 
lesions were present, but no endocarditis The case was not carefully studied 
during life, but was apparently some obscure infection complicated by a peri- 
carditis Autopsy repealed in addition to a dry pericarditis, multiple focal 
necroses m the liver and spleen, and glomerular lesions indistinguishable from 
those of subacute streptococcus endocarditis 
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that of an acute or chronic glomerulonephritis In fact, in nine other 
cases in this series which form the subject of another communication, 4 
the typical glomerular lesions were obscured by a diffuse, practicall) 
universal glomerulotubular damage, an acute glomerulonephritis or its 
sequel, chronic diffuse nephritis The present series of six cases difters 
radically from these, for on closer study and m accordance with the 
criteria just mentioned, it could readily be ascertained that the numer- 
ous glomerular lesions were all of the embolic type 

In four of -these cases in which death occurred m the bacterial 
stage of the endocarditis, all stages of the glomerular lesions were to 
be seen, the same microscopic preparation furnishing examples ranging 
from the most recent to the completely organized stage of the process 
Often a single glomerulus would show different stages of involvement 
in different portions Occasional normal glomeruli were to be encoun- 
tered, but these, according to the recent work of Fahr, would not 
exclude a true glomerulonephritis of focal distribution Of more sig- 
nificance, however, was the fact that the uninvolved portions of dam- 
aged glomeruli remained perfectly normal 

In two other cases which terminated in death in what Libman 5 
has described as the bacteria-free stage of the endocarditis, only healed 
glomerular lesions were present But these were so typical that the 
possibility of the lesions being due to an antecedent glomerulonephritis 
could be excluded In these cases, also, the unmvolved portions of 
damaged glomeruli remained perfectly normal 

The great numerical frequency of the glomerular lesions in the 
above six cases afforded an opportunity to ascertain the effect of such 
lesions upon the renal function Clinical studies of this nature will 
subsequently ,be published in collaboration with Dr E Libman For 
present purposes, it is sufficient to state that except for slight albu- 
minuria and microscopic hematuria, none of these cases manifested 
any symptoms which might be construed as indicative of a serious 
disturbance m renal function 

In other words, even when almost all the glomeruli ha\ e been more 
or less damaged by this embolic piocess, the function of the kidne) 
may be unaffected The explanation is probably to be seen in the 
observation that, unlike in true glomerulonephritis, the uninvoh ed por- 
tions of the damaged glomeruli remain noimal Blood continues to 
circulate through these undamaged capillary loops, and this is appar- 
ently sufficient to maintain the normal glomerulai functions 

Another effect of this preservation of a normal circulation through 
portions of most of the glomeruli is to be seen m the tubules m these 

4 Baehr and Lande M M US 789 (Sept 18) 1920 

5 Libman Am J M Sc 146 625 1913 
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kidneys Most of the blood supply to the tubules of the cortex must 
first pass through the glomerular capillaries Damage to an entire 
glomerulus, which occurs so frequently in a true diffuse glomerulo- 
nephritis, interferes, therefore, with the circulation to the appropriate 
tubular labyrinth and so induces tubular destruction On the other 
hand, damage limited sharply to a portion of a glomerulus apparently 
has no such deleterious effect on the tubular labyrinth m connection 
with it Degeneration and atrophy of tubules with coincident replace- 
ment fibrosis m the mterstitium which occurs diffusely throughout the 
kidney after a true glomerulonephritis, is seen here only in occasional 
isolated foci where a glomerulus happens to be destroyed completely 
by the embolic process 

In the light of the above observations, the development of symptoms 
of renal insufficiency m a patient who is suffering from a subacute 
streptococcus endocarditis is evidence of a diffuse acute glomerulo- 
nephritis, or its sequel, chronic diffuse nephritis This has actually 
been my experience nine times in this series of seventy-seven cases 
and forms the subject of a previous report 4 One can be reasonably 
certain that the mtercurrent appearance of symptoms of renal insuffi- 
ciency in a case of subacute streptococcus endocarditis is not to be 
ascribed to the embolic glomerular lesions 

987 Madison A\enue 


Fifty cents each will be paid for the following issues 
of the Archives of Internal Medicine January, March, 
June, August, 1918 January and July, 1916, Novem- 
ber, 1915, January, 1911, July, 1909 American 
Medical Association, 535 North Dearborn Street, 
Chicago, 111 
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TREATMENT IN BOTULISM * 

VICTOR BURKE, Pii D , JAY C ELDER, PhD, 

AND 

DOHRMAN PISCHEL, AB 

STANFORD UNIVERSITY 

Medical research during the past ten years has greatly advanced 
our knowledge of Clostridium botulmum (Bacillus botulmus) and of 
botulism Recent occurences of botulism m man and domestic ani- 
mals throughout the United States, and particularly in California, have 
drawn attention to and greatly stimulated research m all phases of this 
disease Until lecently these researches were conducted mainly by 
investigators connected with the national government and state institu- 
tions The National Canneis Association is spending large sums of 
money investigating food poisoning with the object of improving can- 
ning methods and preventing further outbreaks of botulism 

E C Dickson 1 has energetically attacked the problems connected 
with the subject of botulism He has established the common occur- 
rence of botulism m the United States, the fact that toxin is found 
m preserved fruits and vegetables, the occuirence of two types of 
toxin in this countiy, as in Europe, the relation between C botulmum 
and “hmberneck” in chickens and the symptom complex 

G S Burke 2 has established the common occui rence of the organ- 
ism m nature and the extreme heat lesistance and heat inhibition of 
the spores, thus accounting for the occurrence of the organism and its 
toxins m preserved foods She has also designated the two types of 
C botulmus found m this countiy as types A and B 1 

Robert Graham 4 and his co-workers have made extensive lmeMiga- 
tions and have definitely established the relation between C botulmum 
.and forage poisoning 

* From the Department of Bacteriology and Experimental Pathology, Stan- 
ford University 

1 Dickson, E C Botulism, Monograph No 8 of the Rockefeller Institute 
for Medical Research, and subsequent papers 

2 Burke, G S The Occurrence of B botulmus in Nature, J Bacteriol 
4 541 (Sept) 1919, The Affect of Heat on the Spores of B botulmus, J A 
M A 72 88 (Jan 11) 1919 

3 Burke, G S Notes on B botulmus, J Bacteriol 4 555^ (Sept a) 1919 

4 Graham, Robert Studies in Forage Poisoning, Bulls 207 and 208, Ken- 
tucky Agncul Exper Station, and subsequent papers 
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A number of others have verified and extended the results of these 
workers, so that at the present time we have a fairly satisfactory knowl- 
edge of C botulmum and the symptoms produced by its toxins m man 
and domestic animals 

While our knowledge has been developing along these lines, there 
has been little or no advance toward a satisfactory treatment in botu- 
lism The Europeans had already shown that an antitoxin could be 
produced and would neutralize the toxm m “in vitro” and to a limited 
extent in “m vivo” experiments Kemper 5 6 was able to show that if 
antitoxin was injected twenty-four hours after the injection of a forty- 
eight hour fatal dose of toxin, a number of the animals could be saved 
And Dickson and Howitt G have verified these findings and shown that 
when rabbits are fed the toxm in amounts sufficient to cause death in 
forty-eight hours, the injection of a homologous antitoxin in twenty- 
four hours will save the animals No one has, so far as I am aware, 
fed toxic cultures of C botulmum and then shown that the animals 
could be saved by the use of an antitoxin after the symptoms appear 
This is the condition met with in general practice, and until it is 
shown that men or animals can be saved from fed lethal doses of toxic 
cultures of C botulmum by the injection of antitoxin at or about the 
time that the symptoms appear, we must not look forward with any 
great expectations to the use of antitoxin in the treatment of botulism 

An examination of the literature offers no encouragement m so 
far as nonspecific tieatment is concerned We find that physicians 
have used a wide range of substances m treating cases of botulism 
None of these men affirm that the treatment used materially altered 
or checked the course of the disease 

In viewing the problems presented by our present knowledge of 
the subject it seemed to us that future research in the treatment of 
botulism should proceed along four definite lines (1) to determine 
the exact nature of the action of the toxin in the body, (2) to deter- 
mine whether the toxm is extensively produced in the animal body and 
if produced, to develop some means of preventing its production, (3) 
to determine the amount of protection to be expected from the use of 
antitoxin if given at or about the time the symptoms appear, (4) the 
development of some preliminary treatment which will delay or preveht 
any further absorption of the toxm pending the arrival of the physician 
or the antitoxin 

We have no exact knowledge of the nature of the action of the 
toxm in. the body The result of the action is very evident m loss of 

5 Kempner W eitere Beitrage zur Lehre von der Fleischvergtf tung Das 
Antitoxin des Botulismus, Ztschr f Hyg u Infectionskrank 26 481, 1897 

6 Dickson and Howitt Botulism A Preliminary Report of a Studv of the 
Antitoxins of B botulmus, J A M A 74 718 (March 13) 1920 



B URKE-ELDER-PISCHEL — B O T ULISM 267 

muscular control, death usually resulting from respiratory failure It 
has not been determined whether the action of the toxin is central or 
terminal The solution of this problem may give us a starting point 
for the development of some treatment of value 

It is generally stated in the literature that botulism is caused by 
the ingestion of preformed toxins Orr 7 has taken issue with this 
statement and presents the results of some experiments which suggest 
that some cases of botulism may be due to an infection This is 
important to the physician as well as to the canners It is obuous 
that if we are dealing with an infection, the treatment must differ 
from what it should be if we are dealing only with the ingestion of 
preformed toxins This question of infection will be discussed in 
detail later 

The experience recorded in the use of antitoxin in practical therapy 
is largely discouraging There are several reasons for the apparent 
failure of the antitoxin treatment in botulism, the principal ones being 
that in most cases a heterologous antitoxin was used, and in all cases 
the treatment was commenced late in the course of the disease, usually 
several days after the symptoms appeared Further experimental work 
should be done to determine just how effective the antitoxin treatment 
will be in all stages and conditions of botulism 

Since antitoxin is obtained only after delay, if obtained at all, it 
is essential that the attempt be made to develop some effective non- 
specific treatment Most of the experimental work recorded in this 
paper was done in an effort to develop a treatment of this type It 
was planned to make an exhaustue study of this phase of the subject 
but unfavorable conditions forced a termination of the work and this 
preliminary report is presented with the hope of stimulating others to 
carry on these researches to a definite termination 

An examination of case reports shows that the different treatments 
used have been designed to stimulate the patient, to prevent further 
absorption of the toxin and to neutralize the toxin by the use of anti- 
toxin No one has made any serious attempt to show that the organism 
or its toxins can be destroyed m the digestive tract The results 
obtained from the treatments used are "very discouraging No one 
ventures to assert that the treatments used ha\e altered the death 
rate Dickson 8 9 recommends emesis, lavage, purgation with magnesium 
sulphate or castor oil, irrigation of the colon, giving water by rectum 
or by hypodermoclysis, strychnin, pilocarpm to counteract diminished 
secretions, cardiac and other stimulants as needed Frost 0 recommends 

7 Orr Abstr Bacteriol 4 10 (Feb) 1920 

8 Dickson Monograph No 8, Rockefeller Institute for Medical Research 

9 Frost Am Med, February, 1915, p 85 
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the use of ipecac to stimulate glandular secretions in the intestines to 
check absorption He also recommends rectal feeding, heroin, calomel, 
epinephrin, peptonized milk and whisky Others have resorted to the 
use of digitalis, camphor, atropm, sodium phosphate, intravenous 
injections of salt solution, Glauber’s salt, Epsom salt, olive oil, stro- 
phanthm, pituitary extract, gelsemium, colon enemas, stomach pump 
for evacuation and feeding, feeding through duodenal tube, and warm 
blankets for making the patient more comfortable In a few cases 
the patient reported some temporary relief Pilocarpin gives terhporary 
relief from the accumulation of tenacious mucus in the pharynx Pneu- 
monia is frequently a complicating cause of death and should always 
be guarded against 

INFECTION VERSUS PREFORMED TOXINS 

The possibility of botulism resulting from the ingestion of toxin- 
free organisms is discussed here in considerable detail because of its 
importance to the canning industry, to the epidemiologist, its bearing 
on the tieatment of botulism and because the available data are not 
conclusive 

After considerable experimental work, von Ermengem 10 concluded 
that C botulmum does not produce its toxins in' the animal body He 
fed washed bacilli and also injected them subcutaneously and intra- 
venously without producing symptoms of botulism He recovered the 
organism from the spleen and liver but could not demonstrate its 
presence m sections 

Thom, Edmondson and Giltner 11 attempted to determine whether 
C botulmum spores freed from toxin by heating and by washing with 
salt solutions would produce toxin within the animal body They found 
that if cultures containing spores were freed of toxin by heating to 
80 C for ten minutes and then were fed to or injected into animals 
no symptoms developed If the organisms were washed seven times 
and injected into guinea-pigs or rabbits, the animals died, but if the 
cells were washed fourteen times the animals lived In the heated 
cultures, the bacilli and their toxins were destroyed, leaving only the 
spores In the washed cultures, the cells and spores remained, only 
the toxin being removed The results obtained from washing the 
organisms fourteen times seem to indicate that the difference in results 
between heating and washing seven 1 times is not due to the presence of 
more cells or to the presence of bacilh as well as spores and the produc- 

10 Von Ermengem Contributions a l’etude des intoxications ahmentaires, 
Arch pharmacodyn 3 213 1897 

11 Thom, Edmondson and Giltner J A >M A 73 907 (Sept 20) 1919 
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tion of toxin in the body, but to the presence of preformed toxins 
which were not washed away The organisms were reco\ ered from the 
feces of the animals which were fed spores (freed from toxin either 
by heat or by washing), and from the lner and spleen of animals 
injected with cultures These authors conclude that “colonization of 
the bacilli m the body has not been proved thus far, but the foregoing 
isolations from feces prove that the organism goes through the guinea- 
pig’s body in from twenty-four to forty-eight hours with undinunished 
virulence ” 

Armstrong, Story and Scott 12 repeated with some modifications the 
experiments of Thom, Edmondson and Giltner They injected sub- 
cutaneously m gumea-pigs 300,000,000 bacilli, previously heated to 80 
C for thirty minutes No symptoms developed The bacilli undoubt- 
edly were killed by the heat, and they do not estimate the number of 
spores present Cultures following the heating indicated the presence 
of viable organisms Guinea-pigs injected subcutaneously with 300,- 
000,000 bacilli, previously washed twelve and fourteen times, respec- 
tively, died A guinea-pig injected subcutaneously with 120,000,000 
organisms which had been washed on a Berkefeld filter by passing 
800 c c of saline solution through the filter died in four days Guinea- 
pigs receiving 12,000,000 similar organisms remained well A guinea- 
pig force fed 1,200,000,000 washed organisms died in seventy hours, 
while another animal given the organisms on grass and meal showed 
no symptoms The authors apparently favor the view that it is difficult 
to wash the toxin from the bacilli and that the death of the guinea-pigs 
in their experiments was due to this failure rather than that the toxin 
was produced m the animal bodies It seems to us that a third expla- 
nation is possible, l e , that there is some intracellular toxin and this 
is liberated on the death and lysis of the bacilli This may explain 
the results obtained in the experiments of Armstrong, Story and Scott, 
m which a gumea-pig receiving 120,000,000 or more washed bacilli 
died, while a gumea-pig receiving 12,000,000 similar organisms lived 
However, it does not explain the results obtained by Thom, Edmondson 
and Giltner in which it w r as shown that a gumea-pig injected with 
bacilli washed seven times died, while a gumea-pig injected with the 
same number of bacilli washed fourteen times lived, unless w r e assume 
that continued washing extracts the toxin from the interior of the cells 

Orr 13 has recently recorded some experiments which differ from 
those already described All the details of Orr’s w r ork are not yet avail- 
able so that we cannot carefully compare his experiments with the 
work of others Orr found that gumea-pigs receiving large numbers of 

12 Armstrong, Storj and Scott Pub Health Rep 74 2894 (Dec 19) 1919 

13 Orr Abstr Bacteriol 4 10 (Feb ) 1920 
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toxin free spores (heated to 80 C for thirty minutes) either per os 
or subcutaneously, usually died m from two to four days Control 
pigs receiving antitoxin lived The organisms were recovered from 
the spleen and liver m many of the animals, and m one case botuhnus 
toxin was demonstrated in the brain tissue by mouse inoculation Orr 
concludes that some cases of botulism may be due to a true infection 

Orr’s results differ from those of other workers and suggest that 
C botuhmm may develop and produce its toxins in the animal body 
Whether it ever happens that toxin-free organisms are ingested m 
sufficient numbers to cause botulism is of more interest to the canners 
and epidemiologists than to the physician What is of particular 
interest to the medical profession from the standpoint of treatment 
is whether the toxin is being producedun the patient after the symp- 
toms appear The first case requires that the organisms grow and 
produce toxin in a normal digestive tract, the second, that the organ- 
isms grow and produce toxin after peristalsis has been reduced or has 
ceased If the first occurs, the second naturally follows, but not the 
re\ erse The production of toxin in the human body, if it occurs at all, 
may occur only after the ingestion of preformed toxin Experiments 
were begun to determine this point, but were not carried far enough 
to warrant reporting 

If botulism ever occurs in human beings following the ingestion 
of toxin-free bacilli or spores we should find evidence of it (1) There 
should be recorded outbreaks of botulism without a history of spoiled 
food and (2) without a history of preserved food (3) It should be 
possibld^o demonstrate experimentally an infection following the inges- 
tion of V^xm-free organisms (4) There should be more cases of 
\ botulism, unless an extremely large number of organisms are necessary 
\for the development of an infection (5) Outbreaks of botulism should 
fellow the eating of thoroughly cooked spoiled preserved foods 


l" X T. 


COHERE SHOULD BE RECORDED OUTBREAKS OF BOTULISM 


WITHOUT A 


HISTORY OF SPOILED FOOD 


We cannot say that ^11 outbreaks of botulism have been due to 
spoiled fobd Nor can we say that there have been outbreaks of botu- 
lism without a history of spoiled food The records of the early 
outbreaks are incomplete In all recent, thoroughly investigated out- 
breaks it has been stated by some of those involved in each outbreak 
that the food under suspicion tasted a little “off” , others have stated 
that they noticed nothing peculiar about the food, and, in fact, liked it 
This criterion is of little value in helping us to reach a decision 
because of the fact that spoiled foods aie not readily separated from 
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unspoiled foods, and that people are careless about discarding food 
that is slightly suspicious The standards by which spoilage m food 
is judged differ with different people, and food containing a naturally 
strong or peculiar odor may be m the early stages of botulmus spoilage 
and contain toxin sufficiently strong to cause disease without the taste, 
smell or appearance being sufficiently altered to attract the attention of 
the a\erage individual Also when mild flavored, slightly decomposed 
food containing toxin is mixed with other foods the detection of any 
unusual condition of the food is difficult Such foods would be classed 
as unspoiled by some individuals Some scientific observers believe 
that botulmus spoilage in preserved foods can always be detected by 
a careful examination, others are doubtful, The subject of botulism 
has received sucli publicity that we may expect to see a reduction m 
the number of outbreaks in families where the housewife oversees the 
cooking, but in many institutions and public eating houses the ignorant 
cook still rules For this reason, the evidence given as to the condition 
of the suspected food will in some cases be inconclusive and of little 
value in determining whether there are ever any outbreaks of botulism 
without a history of spoiled food 

2 THERE SHOULD BE RECORDED OUTBREAKS OF BOTULISM 
WITHOUT A HISTORY Or PRESERVED FOOD 

It has been shown that C botulmum occurs in nature on fresh fruits 
and vegetables It follows that many of us ingest the organisms with- 
out ill effects If the ingestion of small numbers of toxm-free spores 
causes an infection, we should have cases of botulism without a history 
of preserved food having been eaten a short time before the onset of 
the symptoms The epidemiologic data concerning most of the out- 
breaks of botulism are not sufficiently detailed to prove without question 
that a certain food caused the outbreak But the fragmentary evidence 
that we have indicates that all outbreaks of botulism have been pre- 
ceded by the eating of preserved food It has not been shown in 
the early outbreaks of botulism that these preserved foods contained 
the toxin or the organism of C botulmum However, in all recent 
thoroughly investigated outbreaks it has been shown that the preserved 
foods eaten, if any remained for investigation, contained C botulmum 
or its toxin Therefore, we feel justified m behevemg that botulism 
in man does not follow the ingestion of toxm-free spores, particularly 
m small numbers We have no evidence that large numbers of toxm- 
free spores are ever ingested, except m cooked spoiled food And 
the destruction of the toxm m spoiled foods by thorough boiling for 
a few minutes does not destroy the spores but does appear to prevent 
botulism 
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3 IT SHOULD BL POSSIBLE TO DEMONSTRATE EXPERIMENTALLY 
AN INFECTION FOLLOWING THE INGESTION Or 1 

TOXIN-FREE ORGANISMS 

We have already cited the results obtained by von Ermengem, Thom, 
Edmondson and Giltner, and Armstrong, Story and Scott, m which 
infections did not follow the feeding and injecting of toxin-free organ- 
isms, and of Orr, who was able to demonstrate the presence of toxm 
in the animal body following the feeding of toxm-free spores The 
conflicting results obtained by these workers have not been explained, 
and we must await repeated experiments for knowledge of the deter- 
mining factors Orr’s results suggest that an infection may sometimes 
follow the ingestion of large numbers of toxm-free spores 

THERE SHOULD BE MORE CASES OF BOTULISM UNLESS AN EXTREMELY 
LARGE NUMBER OF ORGANISMS ARE NECESSARY TOR 
THE DEVELOPMENT OF AN INFECTION 

As has already been stated, the organisms are fairly common in 
nature, and many of us ingest them without the development of an 
infection That theie are not moie cases of botulism indicates that 
a few toxm-free organisms will not start an infection in a normal 
individual The experimental evidence shows that an infection follow- 
ing the ingestion or injection of toxm-free spores does not occur unless 
very large doses are given We cannot conceive of any condition 
under which a very large number of toxin-producmg organisms of 
C botulmum would be ingested, except m the eating of heated preserved 
foods Orr has reported strains of C botulmum as having lost the 
power of toxm production Such strains growing in preserved foods 
might afford an opportunity for the ingestion of toxm-free organisms 
Since the virulence of the organism depends partly on toxm production, 
it is a question whether such strains, even if taken in large numbers, 
would regain the power of toxm production and cause an infection 

The statistical and experimental evidence indicates that botulism does 
not follow the ingestion of small numbers of toxm-free organisms 
Whether toxm-free organisms ever occur in preserved foods, heated 
or unheated, in sufficiently large numbers to cause an infection m 
man is doubtful 

x 

THERE SHOULD BE CASES OF BOTULISM FOLLOWING THE EATING OF " 
THOROUGHLY COOKED SPOILED PRESERVED FOODS 

No cases of botulism are recorded m this country as following the 
eating of thoroughly cooked food We assume that much spoiled food 
has been cooked and eaten Outbreaks are reported m which the eating 
of uncooked spoiled food caused botulism and the eating of portions 



B U R K Il-JIL Dh R-PIS CIIEL—B O 7 ULISM 273 

of the same food aftci cooking caused no symptoms This is not 
entnely conclusive since occasionally a pet son eating the uncooked food 
also escapes illness At least seven individuals have been leported as 
having eaten of food causing botulism m otheis without becoming ill 

.Since thcie aie no lecoidcd oulbieaks of botulism in this countiy 
following the eating of cooked spoiled food, and since the spoics aic 
highly lcsistant to heat, we believe it leasonable to assume that laigc 
numbcis of spoics have been eaten without causing symptoms of 
botulism 

It is to be expected, howevei, that cases of botulism will occasionally 
occm fiom the eating of insufficiently cooked 01 heated spoiled food 
A little wanning will not dcstioy all the toxin Spoiled food containing 
considciablc gas appeals to be boiling at tempeiatuies of fiom 70 
to 80 C hubbies may use to the stufuce foi at least five minutes 
bcfoic the tiue boiling point is leached The statement is found in 
the htciatuie that boiling spoiled food foi five minutes makes it safe 
to cat 1 horn, Edmondson and Gillnei lepoitcd that at a tempeiatuie 
of 75 C no appieciablc time is lcquned foi the destiuction of the 
toxin in a filtiate Oil lecoids destiuction of the toxin in two 
minutes .it 80 C Otheis have lepoitcd sinulat findings Boiling oidi- 
naiy canned fi uits and -vegetables foi five minutes should laise the 
tempeiatuie m the flints oi vegetables up to oi above 75 C and cause 
the destiuction of all the toxin piescnt, unless the toxin in the flint 
tissues and juices is moie lcsistant to heat than toxin in filtiates In 
foods m which theie is so much gas piescnt that boiling appeals to 
begin at 75 C, an exposuie to this tempeiatuie foi five minutes may 
not dcstioy all the toxin in the mlciioi of the food, and botulism may 
Jesuit fiom the eating of such cooked food and be caused by the 
undestioycd toxin 

H\pn uncut to dcfcnntnc the effect of heat on the disease producing 
poivn of the juice flow a tan of spoiled beans containing C botuhnum 
and its town — r lhe following cxpci iments llnow some light on the 
questions heie involved and they simulate as neatly as possible con- 
ditions found in home cooking The beans used weic canned six 
months picviously and contained a stiong Type A toxin The beans 
weic badly spoiled and contained gas One half pint of the beans 
with the juice was placed in a laigc bcakei and biought to a boil At 
mteivals some of the juice was withdrawn and injected subcutaneously 
into guinea-pigs The lesults obtained (Table 1) indicate that 

1 Spoiled foods containing gas may appeal to be boiling foi sev- 
cial minutes bcfoic the tine boiling point is leached 

2 The destiuction of the toxin in the bean juice may lequne con- 
sidciable moie exposuie to heal than is lecoidcd for toxin in filtiates 
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3 Under the conditions of this experiment the disease-producing 
power of the bean juice was not wholly destroyed after exposure for 
nine minutes to temperatures changing from 70 C to 100 C or after 
exposure to boiling for four minutes 

4 The disease producing power of a can of spoiled beans contain- 
ing C bottilmum and its toxin may be destroyed by a temperature that 
does not destroy the spores of C botuhnum 

5 Spoiled canned foods may appear to have boiled seven minutes 
and still be unsafe to eat 


TABLE 1 — Effect of Heat on the Disease Producing Power of Juice from 
Spoiled Beans Containing C Botulinum and Its Toxin 






Amount 

Time 


Guinea- 

Weight, Injected, 

Minutes Temperature nnd Appearance of Beans 

Pig 

Gm 

Oe 

Results 


Unheated 

1 

250 

1 

Dead 18 hours 


Unheated 

2 

250 

0 01 

Dead 18 hours 

0 

Burner lighted 





4 

70 C bubbles beginning to rise 





6 

82 C active bubbling, resembling boiling 




Dead 96 hours 

7 

92 C active bubbling, resembling boiling 

3 

250 

1 

8 

98 C large bubbles 





9 

ICO C true boiling 

4 

250 

1 

Dead 96 hours 

13 

100 C true boiling 

5 

250 

1 

Dead 17 days 

19 

100 C true boiling 

6 

250 

1 

Lived 


In this experiment no effort was made to determine whether the 
animals died from the effects of the toxin formed m the can of beans 
or in the animal body A filtrate of the heated juice was not tested 
for toxin and the presence of spores was not determined However, 
one fact of importance is evident The disease producing power of 
a can of spoiled beans may be destroyed by a temperature that does 
not destroy the spores of C botuhnum Exposure of the spores to a 
temperature of 100 C for ten minutes does not prevent their develop- 
ment and toxin production in culture mediums If the spores ever 
cause an infection, heat may affect their virulence for the animal body 
This experiment cannot serve as the basis for any definite conclusions 
as regards the infection theory because of the three unknown and 
uncontrolled factors (1) the effect of heat on the toxin m bean juice, 
(2) the effect of heat on the vegetative forms m bean juice, (3) the 
presence of spores and the effect of heat on the virulence of the spores 
of C botuhnum The results indicate, however, that we may expect 
to have outbreaks of botulism following the eating of poorly cooked 
spoiled food 

The results of this expenment indicate that spoiled food to be safe 
to eat must be boiled for at least fifteen minutes And if the spores of 
C botuhnum are found to cause an infection m man, a much greater 
exposure to heat may be required Boiling for four houis does not 
destroy all the spores of C botuhnum 
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Erpcnmcnt to dctennine the effect of boiling on the disease pio- 
ducing pozuo of the juice from a can of spoiled beans containing C 
botulmum and its toun when oil stiatified — About 100 cc of the 
beans and juice used m the preceding experiment were placed m a 
beakei, oil stiatified, and exposed to heat at 100 C The lesults 
obtained (Table 2) weie similar to those of the preceding experiment, 
except that the disease producing pbwer of the bean juice resisted the 
effects of the heat foi a longer period of time Guinea-pigs receiving 
1 cc of the bean juice, exposed to 100 C for ten minutes, died 


TABLE 2 — ErrECT of Temperature or 100 C on the Disease Producing 
Power or Juice trom Spoilfd Beans Containing C Botulinum and 
Its Toxin When Oil Stratified 


Tunc, 

"Minutes 

• 

Amount of Tmco 

Weight, 


Temperature 

Injected, C c Guinea Pig 

Gm 

Result 


Unheated 

1 1 

250 

Dead, 18 horns 


Unheated 

0 01 2 

250 

Dead, 18 hours 

0 

Burner lighted 




0'/. 

100 C 




1UA 

100 C 

1 3 

250 

Dead, OG hours 

lG'A 

100 O 

1 4 

250 

Dead 0G hours 

21 U 

100 C 

1 5 

250 

Lived 

2f>Vt 

100 O 

1 G 

250 

Lived 


Expo uncut to dct onune the effect of a tempo atm e of 80 C on 
the disease pioducing pozoei of a can of spoiled beans, containing C 
botulmum and its toun, zvhen oil stiatified in a test tube and placed in 
a zoaici bath — About 15 c c of the beans and juice used in the preceding 
experiments were placed in a test tube and oil stratified This test 
tube was then placed m a water bath and kept at 80 C No record 
was taken of the temperature in the test tube Some of the bean juice 

TABLE 3 — Erircr or Temperature or 80 C on the Disease Producing 
Powfr or Juice from Spoiled Beans Containing C Botulinum and 
Its Toxins When Oil Stratified in a Tlst Tube and Placed in a 
Water Bath 


Time, 

Amount of Tuiee 

Weight, 

Minutes Tempcrnturo Injected, C c Guinea Pig 

Gm 


Unheatcd 1 1 

250 


Unheated 0 01 2 

250 

0 

Test tube containing 



beans placed in water bath 


11 

800 1 3 

250 

30 

80 O 1 4 

250 

01 

80 C 1 3 

250 


Result 

Dead, 18 hours 
Dead, 18 hours 


Dead, 72 hours 
Dead, 72 hours 
Dead, 72 hours 


was taken from the test tube at intervals and injected into guinea-pigs 
The results obtained (Table 3) indicate that under the conditions of 
this test, which largely resembles the conditions surrounding beans in 
the middle of a kettle placed on the stove to warm, the disease pro- 
ducing power of the bean juice was not destroyed after an exposure 
to a temperature of 80 C for one hour This suggests that the casual 
warming of spoiled foods to a temperature of 80 C, even over an 
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extended period of time may not make them safe to eat Since such 
foods may appear to be boiling, it is evident that we may expect to 
have cases of botulism following the eating of so-called boiled foods 
The epidemiologist must bear these facts m mind in investigating 
outbreaks of botulism 

INFECTION FOLLOWING THE INGESTION OF THE TOXIN AND 

THE ORGANISMS 

While it is of great importance to the epidemiologist to know 
whether botulism ever follows the ingestion of toxm-free organisms, 
it is of equal importance to the physician to know whether an infection 
ever occurs following the ingestion of the toxm and the organisms If 
botulism ever occurs following the ingestion of toxm-free spores, we 
may be justified m assuming that an infection may ‘occur following 
the ingestion of both the toxm and the spores, particularly after the 
symptoms appear In the latter case, conditions for the development 
of C botulmwn are presumably more favorable than m the normal 
digestive tract 

If an infection ever occurs this may account for relapses that 
sometimes follow an improvement m the condition of the patient It 
sometimes happens that a patient shows considerable improvement and, 
then suffers a relapse and dies This may be accounted for on the 
basis of a required incubation period, the first symptoms being due to 
the ingested toxm and the relapse due to toxins produced in the body 
Stiles, 14 m recording Ins own case states that he had a serious relapse 
after partially recovering from the first attack Others have reported 
similar experiences 

If an infection occurs, 1 e , production of toxm in the digestive 
tract or elsewhere in the animal body, following the ingestion of the 
toxm and the organisms of C botuhnum the following postulates should 
hold true 

1 There should be, within certain limits, no relation between the 
amount of infected food eaten and the severity of the symptoms If 
infection does not occur then there should be a definite relation between 
the amount of food eaten and the severity of the symptoms (Indi- 
vidual variations m resistance, effects of other foods eaten and the 
even distribution of the toxm m the food are modifying factors that 
must be taken into consideration ) 

Armstrong, Story and Scott, 1 ' 1 m investigating the Canton, Ohio, 
outbreak found a “remarkable correspondence between the amount 


14 Stiles J A M A 61 2301 (Dec 27) 1913 

15 Armstrong, Story and Scott Pub Health Rep 34 2877 (Dec ) 1919 
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eaten and the seventy of the illness ” Those eating less of the poison- 
ous food obtained less toxm and also a smaller number of organisms 
but “had the bacilli swallowed with the olives been capable of growing 
and producing toxin in the alimentary tract it seems that some of the 
people who ate small amounts but were little affected would have devel- 
oped serious symptoms ” They estimated that one olive contained sev- 
eral million bacilli and conclude that “a bite of olive containing this 
number of viable organisms, if capable of multiplying and forming 
toxm in the alimentary tract, would have caused serious infections ” 
However, this does not show that an infection may not occur following 
the ingestion of large numbers of organisms and after paralysis has 
set in 

2 It should be possible to demonstrate the infection experimentally 
since the M L D (minimum lethal dose) of the filtrate should be 
less than the M L D of the culture 

Any difference in toxicity between filtrate and culture should be 
due to the organisms present m the culture unless the process of filter- 
ing eliminates some of the toxm as well as the organisms Emerson 
and Collins 10 report that olive juice from spoiled olives “filtered through 
a Berkefeld filter was found to be slightly less toxic than the unfil- 
tered juice ’ We await furthei experimental evidence of a similar 
nature 

3 If infection occurs in the body outside of the digestive tract it 
should be possible to detect the organisms m sectioned material C 
botuhnum has been recovered at necropsy from the liver and spleen 
of both human and laboratory animals dead of botulism If the 
organisms are able to multiply and start an infection m the spleen and 
other organs it should be possible to demonstrate their presence in 
sectioned material All attempts to demonstrate the organism in micro- 
scopic sections of organs of animals dead of botulism have been 
unsuccessful 

conclusion 

The major evidence as we have presented it here favors the view 
that botulism m man very rarely, if ever, occurs following the inges- 
tion of toxm-free organisms The available evidence is too incon- 
clusive to form the basis for any definite conclusions Many of the 
facts presented can be explained in more than one way Our own 
belief is that infection in human beings following the ingestion of toxm- 
free organisms never occurs We are inclined to believe that the 
organism does produce toxin in the alimentary tract following the 
ingestion of preformed toxins and after paralysis has set in Treatment 


16 Emerson and Collins J Lab & Clin Med 5 559 (June) 1920 



278 


ARCHIVES OF INTERNAL MEDICINE 


of the digestive tract should be designed to neutralize and wash out 
the toxin and inhibit or destroy the organisms 17 

IMMUNE SERUM TREATMENT 

Workers in Europe and m this country have shown that repeated 
injections of sublethal doses of C botulmum toxin in various ani- 
mals will stimulate the pioduction of specific antitoxins Experiments 
have shown that the antitoxin will neutralize the toxin m “in vitro” 
experiments and m “in vivo” if the antitoxin is injected before the toxin, 
or after the toxin if the injection is made before the system is fatally 
damaged Since there are at least two immunologically distinct types 
of C botulmum, it is necessary to use a polyvalent immune serum 
unless the type of toxin is known 

The extent to which antitoxin is effective in preventing death when 
injected some time after the toxin has been taken into the body has 
not been established definitely ICempner 20 has shown that if antitoxin 
is injected twenty-four hours after a forty-eight hour fatal dose of 

17 After the present article was sent to press our attention was called to 
an article by Edmondson, Giltner and Thom (The Possible Pathogenicity of 
Bacillus Botulmus, Arch Int Med 26 357 [Sept] 1920), in which they dis- 
cuss experiments the results of which agree with those of Orr In referring 
to their experiments they state that, “They show that occasionally guinea-pigs 
will develop the specific disease and die when fed or injected with large doses 
of the spores freed from toxin in routine manner,” i e , by washing or heat 
or both The authors contemplate experiments to determine whether the toxin 
causing the disease is present in the spores or bacilli when ingested or injected 
and protected from heat by the spore wall and released upon dissolution of 
the spore wall or is actually produced in the body after the spores germinate 
One of the strains used caused death more consistently than the other The 
feeding or injection of large numbers of organisms of the most virulent strain 
was not always fatal One of the body defenses against anaerobe infection 
consists of the amount of oxygen in blood and tissue fluids The injection of 
toxin free spores either subcutaneously or intravenously, may lead to a local J 
lowering of the oxygen tension and necrosis making conditions favorable for 
the development of anaerobes What factor this plays in experimental botulism 
remains to be determined C botulmum has not been recorded from war 
wounds The experimental data suggests that it may occasionally occur in 
wounds and thus account for the failure of the patient to respond to tetanus 
and other common antitoxin treatment The paper of Bullock and Cramer 19 
suggests that the toxin free spores of tetanus are no more infectious than those 
of C botulmum The mam problem from the standpoint of treatment is to 
determine whether there are outbreaks of botulism in man following the inges- 
tion of toxin free spores and if such do occur whether the symptoms are typical 
or atypical as has been suggested by Shippen 19 and therefore leading to a 
wrong diagnosis 

18 Bullock and, Cramer A New Factor in the Mechanism of Bacterial 
Infection, Proc Roy Soc London, Series B 90 513, 1920 

19 Shippen Arclb Int Med 23 346 (March) 1919 

20 Kempner WeitSrer Beitrag zur Lehre von der Fleischvergiftung Das 
Antitoxin des Botulismiis, Ztschr f Hyg u Infektionskrankh 26 481, 1897 
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toxin many of the animals will live Dickson and Howitt G verified 
Kempner’s findings to the extent of showing that if the antitoxin is 
injected subcutaneously within twenty-four hours after a forty-eight 
houi fatal dose of toxin has been ingested the animals will live This 
means that when small doses of toxm are fed, twenty-four hours is 
not sufficient time for the toxin to be absorbed and cause fatal injury 
to the animal Antitoxin must be used before the nervous system has 
been injured fatally The time required for this depends upon the 
amount of toxin ingested or injected If large amounts of toxin are 
used an animal may be injured fatally by the time the first symptoms 
appear 

The problem the practitioner has to face during an outbreak is to 
save the patients showing symptoms and also those who have eaten 
the poisonous food but have not yet shown symptoms No one has, 
so far as we are aware, shown expei imentally that an animal can be 
saved from lethal doses of toxin by the injection of antitoxin after the 
symptoms appear And no one has attempted to show how many hours 
before the symptoms appeal the injection of antitoxin will protect The 
experiments of Kempner and of Dickson show that an animal can be 
saved from a forty-eight hour fatal dose of toxin by the injection of 
antitoxin twenty-four hours before death would occur if the antitoxin 
was not injected They do not indicate how many hours this would be 
before the symptoms appeared Dickson injected the antitoxin sub- 
cutaneously It might have been possible to protect his animals by 
later injections if these had been made intravenously 

The available statistical data of the various outbreaks in this country 
show a death rate of 90 per cent among those first showing symptoms, 
and a death rate of 60 per cent among those last showing symptoms 
Frequently, two or three days will elapse between the appearance of 
symptoms in the first patient and the last patient to come down in an 
outbreak of botulism Sixty per cent of the latter die The experi- 
mental evidence gives us reason to believe that some of these victims 
could have been saved by the injection of antitoxin if the injections 
had been begun as soon as the first patient showed symptoms 

The following experiments were designed to determine the extent 
of the protection afforded by antitoxin if injected after the symptoms 
appear In order to approach the conditions found in general practice 
toxic cultures instead of toxic filtrates were used 

Experiment to deteimme whether rabbits can be piotected fiom 
lethal doses of toxic cultwes of C botulmnm by the injection of anti- 
toxin as soon as the symptoms appear — Each rabbit was force fed 6 
c c of a ten day meat culture of C botulmum Type B Antitoxin was 
injected both subcutaneously and intravenously seventeen hours later 
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At this time two of the rabbits were dead, one was practically dead 
and three showed slight symptoms of prostration Two of the rabbits 
receiving antitoxin lived Since these rabbits received about 2 mini- 
mum lethal doses of toxin and were showing the first symptoms of 
botulism, there is no question that they would have died without the 
injections of antitoxin The results obtained (Table 4) indicate that 
some rabbits can be saved from the forced feeding of a lethal amount 
of a toxic culture of C botulmmn by the injections of antitoxin as 
soon as the symptoms appear It is probable that a larger percentage 
of rabbits can be saved by the injection of antitoxin after the symptoms 
appear if a smaller amount of toxin is fed 


TABLE 4 — Results of an Experiment to Determine Whether Rabbits 
Can Be Saved from Lethal Doses of Toxic Cultures of C Botulinum 
When Force Fed by Injection of Antitoxin as Soon as Symptoms Appear 


Rabbit 

Weight, 

Gm 

Amount of 
Culture 

Interval Before 
Injection of Antitoxin 

Results 

1 

1,750 

6 e e per os 


Dead, 1G hours 

o 

2,700 

0 c e per os 


Dead, 16 hours 

3 

2.S50 

6 c c per os 


Dead, 17 hours 

4 

1,025 

6 c c per os 

17 hours 

Lived 

5 

2,115 

0 c c per os 

17 hours 

Lived 

6 

2,750 

6 c c per os 

17 hours 

Dead, 23 hours 


The experiment was repeated with the exception that the injection 
of the antitoxin was delayed until the symptoms were more advanced 

Experiment to determine whether rabbits can be saved from lethal 
doses of tone cultures of C botulmmn by the injection of antitoxin 
after the symptoms are well advanced — Each rabbit was force fed 6 
c c of the meat culture used m the preceding experiment The injec- 
tions of antitoxin were begun twenty-one hours after the feeding of 
the toxic cultures and were made subcutaneously and intravenously 
At this time three of the rabbits were dead and the three receiving 
antitoxin were prostrated All the rabbits receiving antitoxin died 
One of these lived for sixty hours, but it cannot be certain that this 
was due to the action of the antitoxin, as rabbits show considerable 
variation m their resistance to the toxin when force fed The results 
obtained (Table 5) indicate that rabbits cannot be saved from 2 
M L D , force fed, of a toxic culture of C botulmum by the injection 
of antitoxin aftei the symptoms are well advanced and the rabbits show 
evident signs of prostration 

Botulmus antitoxin has been used m a number of outbreaks of 
botulism with inconclusive results Dickson 21 was the first in this 
country to use antitoxin as a therapeutic agent in cases of botulism 


21 Dickson Arch Int Med 22 483 (Oct ) 1918 
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He used a Type A and B antitoxin and both patients recovered The 
antitoxin was not injected until five days after the symptoms appeared, 
and he doubts whether it affected the course of the disease 

McCaskey 22 injected antitoxin m treating three patients in the 
Decatur outbreak and believed it to be the determining factor in the 
recovery of two of the patients The third patient was almost dead 
at the time the antitoxin was administered The antitoxin was not 
given until several days after the symptoms appeared 

Ransom 23 reports the use of antitoxin m the Clinton prison out- 
break with beneficial results though given late in the course of the 
disease 

Randell , 24 Jennings, Haass and Jennings , 215 Armstrong, Story and 
Scott, and Sisco 2fi report the use of antitoxin in treating patients suffer- 
ing with botulism No improvement in the condition of the patients 
was attributed to the use of antitoxin 

TABLE 5 — Results or an Experiment to Determine Whether Rabbits Can 
Be Saved from Lethal Doses or Toxic Cultures or C Botulinum 
When Force Fed by Injection or Antitoxin After Symptoms Are Well 
Adv\ncfd 


Rabbit 

WciRllt 

Amount of 
Culture 

Inten nl Before 
Injection of Antitoxin 

Results 

1 

1,730 

C c c per os 


Dead, 21 hours 

2 

1,030 

Gee per os 


Dead, 18 hours 

3 

2,100 

ficc per os 


Dead, 12 hours 

4 

2,000 

Gee per os 

21 hours 

Dead, 24 hours 

5 

1,000 

Gee per os 

21 hours 

Dead, GO hours 

0 

2,100 

Gee per os 

21 hours 

Dead, 3G hours 


In all cases in which antitoxin has been used in the treatment of 
botulism, the antitoxin has been given late m the course of the disease, 
sometimes in small amounts, or was of the heterologous type Under 
such conditions we could not expect to get encouraging results 

Experimental work has shown that antitoxin to be effective must 
be given in excess before or very soon after the symptoms appear 
Since a rapid determination of the type of organism producing the 
toxin is not possible, a polyvalent serum should be used And since 
there is a possibility of C botulmum producing its toxin in the body, 
the serum should be bacteriolytic or bactericidal as well as antitoxic 
The serum should be injected intravenously We have reason to hope 
that if antitoxin becomes generally available and is given to all those 
partaking of the suspected food as soon as the first patient shows 
symptoms, the death rate will be reduced materially 

22 McCaskey Am J M Sc 158 57 (July) 1919 

23 Ransom Personal communication 

24 Randell J A M A 75 33 (July 3) 1920 

25 Jennings, Haass and Jennings J A M A 74 77 (Jan 10) 1920 

26 Sisco J A M A 74 516 (Feb 27) 1920 
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EFFECT OF FOODS ON THE TOXIN AND DEATH RATE 

A review of available literature brought out certain facts which 
suggested to us that the foods m the stomach may have an influence on 
the appeaarance of the symptoms and the death rate 

The death rate in Europe is from 25 to 30 per cent less than the 
death rate in the United States This difference in the death rate may 
be due to a number of factors The principal ones are the following 

1 The outbieaks in Europe are mainly due to toxm formed m 
foods such as meats, sausage and cheese, which are usually not pre- 
served m liquids The outbreaks in the United States have usually 
been due to toxins formed in foods preserved m liquids, such as fruits 
and vegetables It is possible that the organism produces a stronger 
toxm m the latter foods, or that the liquid facilitates absorption 

2 Different habits m the heating and cooking of foods may reduce 
the death rate Heat destroys the toxin 

3 The outbreaks m Europe may be due to a different type of C 
botuhnum, or to a prevalence of Type B, which usually produces a 
weaker toxm than Type A The majority of the outbreaks in the 
United States have been produced by the toxm of Type A 

4 The Europeans use more oils and alcoholic drinks with meals 
These may affect the rate of absorption or the strength of the toxm 

5 Botulism is not so well known as a specific disease m this country, 
and it is possible that only the fatal outbreaks have been recognized 
and reported 

The following facts have a bearing on the question concerning the 
effects on the toxm of food in the stomach Occasionally, a person 
eating the toxic food escapes illness The appearance of the symp- 
toms in persons eating the same amount of the toxic food varies in 
tune and severity Variations in the appearance of the symptoms and 
the mortality may be due to the toxm not being evenly distributed 
through the food, to individual variation in resistance and to the effect 
of other foods taken into the stomach at the same tune Armstrong, 
Story and Scott 15 report that in the Canton, Ohio, outbreak two of 
those eating heavily of the toxic food escaped with slight symptoms 
and attribute this to the whisky taken with the meal They were able 
to demonstrate that alcohol neutralizes the toxm when the two are 
mixed m a test tube In the Boise, Idaho, outbreak one of those eating 
heavily of the toxic food escaped illness Van Ermengem states that 
the toxm is precipitated by alcohol, tannin and neutral salts, and that 
20 per cent normal soda destroys it in a short time Brieger and 
Kempner 27 state that the toxm m dried form is susceptible to alcohol, 

27 Brieger and Kempner Beitrag zur Lehre von der Fleischvergiftung, 
Deutsch med Wchnschr 23 521, 1897 
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ether and oxidizing agents Forsman 28 reports that large doses placed 
m the large intestine of the rabbit produce no symptoms The M L D 
“per os” for rabbits is at least 300 times the subcutaneous M L D 
These facts led us to investigate the effect of the stomach contents and 
various foods on the toxin of C botulmnm We did not determine 
the effect of the contents of the intestines on the toxin or the potency 
of the toxin when introduced into the intestines 

Experiment to d eta mine the neutralizing action of the stomach 
contents of a normal labbit on the toxin of C botulmum — The contents 
of a full rabbit stomach was thoroughly dried in the incubator, then 
ground up in a mortar, mixed with an equal volume of diluted toxin 
and incubated two hours The toxin used as a control was incubated 
at the same time The toxin-stomach contents mixture was then centri- 
fuged and the supernatant fluid injected subcutaneously into guinea- 
pigs The results obtained (Table 6) indicate that the stomach con- 
tents of the rabbit do not neutralize or precipitate the toxm of C 
botulmum 


TABLE 6 — Results or Neutralizing Action or Stomach Contents of 
Normal Rabbit on Toxin or C Botulinum 


Guinea Pig 

- 


Amount To\in 

Results 

Control 1 

2 M 

D 

D 

Dead, 20 hours 

Control 2 

2 M 

L 

D , centrifuged to\in 

Dead, 29 hours 

Control 3 

2M 

Jj 

D , centrifuged toxin 

Dead, 29 hours 

4 

2M 

L 

D , toxin exposed to stomach contents 

Dead, 29 hours 

5 

211 


D , toxin exposed to stomach contents 

Dead, 29 hours 


The following experiment was designed to determine the compara- 
tive rates of absorption of the toxm in the full stomachs and starved 
stomachs of rabbits Although the contents of a full rabbit stomach 
did not neutralize the toxin it was thought that it might affect the 
appearance of the symptoms and the death rate by mechanically slowing 
down the rate of absorption 

Experiment to determine the effect of starving and the subsequent 
empty stomach on the rate of absorption of the toxm in the rabbit — • 
Two rabbits were given water but no food for forty-eight hours They 
were then given a small nibble of grass and force fed 4 c c of a toxic 
filtrate of C botulmum Type B The grass was fed to stimulate gastric 
secretion Two normal rabbits received the same amount of toxm 
The starved rabbits died before the controls Starving the rabbits 
lowered their resistance to the toxm, or absorption of the toxm was 
more rapid in the empty stomachs No experiments were made to 
determine which factor predominates If the latter explanation is the 


28 Forsman Beitrage zur Kenntms der Bakteriologie des Botuhsmus, 
Lundi Umversitets Arsskrift, 1900, Abstr Centralbl f Bakteriol 29 541, 190L 
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true one then the amount of nontoxic food eaten by those at meals 
causing outbreaks of botulism may account for some of the variation 
m time of the appearance of the symptoms m the patients The gastric 
juice apparently has no effect on the toxin The results obtained 
(Table 7) suggest that in some outbreaks of botulism the amount of 
nontoxic food eaten may account for some of the variation in the time 
of the appearance of the symptoms in the victims and the degree of 
illness 

TABLE 7 — Results of Starving and Subsequent Empty Stomach on Rate 
of Absorption of Toxin in Rabbit 


Babbit 

Amount Toxin 

Condition of Stomach 

Besults 

1 

4 c c 

Full stomach 

Dead in 144 hours 

2 

4 c c 

Full stomach 

Dead in 48 hours 

3 

4 c c 

Starved 4S hours 

Dead in 35 hours 

4 

4 c c 

Starved 48 hours 

Dead in 18 hours 


Experiments were made to determine the effect of different human 
foods on the toxin of C botulmwn It was thought that some foods 
might be more effective than others in slowing down the rate of absorp- 
tion of the toxin These experiments were designed to determine if the 
various foods afforded protection against the action of the toxm, if 
this protection was as great in the stomach as in subcutaneous injec- 
tions and whether the protection was due to a neutralization of the 
toxm or to a slowing down of the rate of absorption 

FATS AND OILS 

Kempner and Schepilewsky 29 state that butter and emulsified oil 
neutralize about twice the lethal dose of toxm for guinea-pigs when 
the fat and toxm are mixed and injected subcutaneously McCaskey 
urges the use of “castor oil or some other laxative fat, for the double 
purpose of clearing out the ingested toxm, which is largely formed under 
saprophytic conditions, and of lowering or destroying the virulence 
by combination of fats ” In consideration of these statements it 
seemed advisable to determine the extent of the protection afforded by 
the use of fats, the nature of this protection and if the protection 
afforded by different fats varied Typical animal, vegetable and min- 
eral fats and oils were used The experiments described here are rather 
limited but the results obtained furnish the basis for certain conclusions 
which will be given under each experiment 

OLIVE OIL 

Experiment to Determine Whether Olive Oil Protects Against the 
Action of the Toxin of C Botulinum — Different amounts of olive oil 

29 Kempner and Schepilewsky Ueber antitoxische Substanzen gegenuber 
dem Botulismusgift, Ztschr f Hyg 27 213, 1898 
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and a Type A toxin filtrate were used The oil and toxin were placed in 
test tubes, emulsified by vigorous shaking and incubated one hour The 
tubes were shaken several times during the incubation period Injec- 
tions were made subcutaneously into guinea-pigs The results obtained 
(Table 8) show that guinea-pigs are protected from the action of the 
toxin of C botnlmum when the toxin and oil are emulsified in a test 
tube, incubated one hour and injected subcutaneously Three c c of 
the oil protected against the action of 3 M L D of the toxin but not 
against 4 M L D 


TABLE 8 — Effect of Olive Oil Against Action of Toxin of 
C Botulinum When the Two Are Emulsified, Incubated 
and Injected Subcutaneously 7 


Guinea-Pig 

Weight, Gin 

Amount Toxin 

Amount Olive Oil 

Eesults 

1 

275 

JM L D 


Dead, 20 hours 

o 

315 

3 M L D 

3 c c 

Lived 

3 

310 

3 M h D 

6 c c 

Lived 

4 

300 

4 M L D 

3 c e 

Dead, 70 hours 

5 

300 

5M L D 

5 c c 

Dead, 96 hours 


Experiments were made to determine whether the protection 
afforded by the olive oil was due to a neutralization of the toxin or 
to a slowing down of the rate of absorption We assumed that if the 
protection afforded by the olive oil is due to a purely physical slowing 
down of the rate of absorption the following statements would prove 
to be true 

1 If the mixture, after incubation, is centrifuged the toxin in the 
•water should not show any appreciable reduction in strength 

2 Emulsifying the toxin oil mixture several seconds should be just 
as effective as incubating several hours 

3 In mtraperitoneal injections the protection afforded by the oil 
would be much less than that in subcutaneous injections and not such 
as could be accounted for by the difference in the M LD for the two 
types of injections, and those receiving the oil-toxm mixture should 
die almost as soon as the controls In intraperitoneal injections the 
rate of absorption is much greater 

Experiment to determine whether the strength of the toxin of C 
botulmmn is reduced after exposw e to olive oil — The same toxin and 
olive oil were used as m the preceding experiment The toxin and 
olive oil were emulsified, incubated two hours and then centrifuged 
until the oil was free of water The water was injected subcutaneously 
in gumea-pigs The results obtained (Table 9) indicate that the 
strength of the toxin is affected slightly if at all by exposure to 
tolive oil 
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The experiment was repeated, with the exception that the injections 
were made intraperitoneally The results obtained agree with those 
m the preceding experiment The toxin control pig was dead m fifteen 
hours, the exposed toxin pig was dead in twenty-four hours and the 
mixture control pigs were dead in eighty-eight hours 


TABLE 9 — Effect or Olive Oil on the Strength of the 
Toxin of C Botulinum 


Guinea- 

Pig 

Weight, 

Gm 

Amount 

Toxin 

Amount 

Oil 

Remarks 

Result 

1 

365 

3M L D 


Toxin control 

Dead 20 horns 

2 

300 

3 M L D 

6 c e 

Mixture control 

Lived 

3 

315 

3M L D 

3 c c 

Mixture control 

Lived 

4 

325 

3M L D 

Oec. 

Exposed toxin 

Dead, 40 hours 


Expenment to determine whethei emulsifying the toxin and olive 
oil and injecting immediately is just as effective in protecting against 
the action of the toxin as incubating two hours before injecting — The 
same toxin and olive oil was used as in the preceding experiment The 
toxin and olive oil were placed in a test tube, shaken vigorously for 
30 seconds and then injected subcutaneously into gumea-pigs The 
control mixture was incubated two hours The results obtained (Table 
10) indicate that the incubation does not increase the protection afforded 
by the olive oil 

TABLE 10 — Results of Experiment to Determine Whether Emulsifying 
Toxin and Olive Oil and Injecting Immediately Is Just as Effective 
in Protecting Against Action of Toxin as Incubating Two Hours 
Before Injecting 


Guinea 

Weight, 

Amount 

Amount 



Pig 

Gm 

Toxin 

Oil 

Remarks 

Result 

1 

365 

5M L D 


Toxin control 

Dead, 20 hours 

2 

275 

5M L D 

6 C C 

Mixture incubated 

Dead, 46 hours 

3 

265 

5M L D 

6 c c 

Mixture not incubated 

Dead, 50 hours 

4 

330 

5M L D 

6 c c 

Mixture not incubated 

Dead 56 hours 


The results of the above experiment with the olive oil convinced 
us that olive oil does not neutralize the toxin of C botulinwn and the 
experiments were discontinued The protection afforded by the olive 
oil is probably due to a slowing down of the rate of absorption It 
takes some time for the water containing the toxin to separate from 
the oil This slowing down of the rate of absorption is sufficient to 
protect the gumea-pig from small amounts of toxin 

Expei intent to deteimine whethei olive oil protects against the action 
of the toxin of C botuhnum in the stoin-ach of the rabbit when force 1 - 
fed immediately aftei the toxin and at repeated intei vals — Each rabbit 
was force fed 2 5 c c of a toxic filtrate, Type B Ten c c of olive 
oil was force fed immediately after the toxin and at repeated intervals 
The results obtained (Table 11) indicate that under the conditions of 
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this experiment olive oil affords a slight protection against the action 
of the toxm in the stomach of the rabbit This protection is probably 
due to a slowing down of the rate of absorption of the toxm The 
2 5 c c of toxic filtrate used contained from 2 to 3 M L D of toxm. 
It is possible that if 1 M L D of toxm were used the protection 
afforded by the olive oil would be sufficient to save the life of the 
animal Since the protection afforded by the olive oil is so slight and 
is of a physical nature, it is doubtful if it would have had any effect on 
the course of the disease if the treatment had been begun several hours 
after the toxm was administered 


TABLE 11 — Effect of Olive Oil on the Action of Toxin of 
C Botulinum in Stomach of Rabbit When Force Feb 
Immediately After Toxin and at Repeated Intervals 




Amount 

Amount 

Hours Feeding Oil 


Rabbit 

Weight, Gm 

Toxin 

Oi 

^fter loxin 

Results 

1 

2,300 

2 5 c c 



Dead, 15 hours 

o 

1,723 

2 5 c c 



Dead, 15 hours 

3 

1 200 

2 5 c c 

10 c e 

0, 2, 18, 25 

Dead, 39 hours 

4 

1,860 

2 5 c c 

10 e c 

0, 2, 18, 25 

Dead, 50 hours 


LIQUID PETROLATUM 

The experiments made with olive oil were repeated with liquid 
petrolatum as the neutralizing agent The results obtained are similar 
to those obtained with oln e oil In experiments made by us the liquid 
petrolatum seemed to give less protection than the olive oil against 
the action of the toxin in subcutaneous injections and more protection 
than the olive oil m the stomach of the rabbit It is assumed that the 
protection afforded by the liquid petrolatum is of the same nature as 
the protection afforded by the olive oil 

Expenment to detei mine whethet liquid p eft olatam protects against 
the action of the toxin of C botuhnum when the two are emulsified, 
incubated and injected subcutaneously into guinea-pigs — The liquid 
petrolatum and a Type A toxic filtrate were mixed m a test tube, emul- 
sified by vigorous shaking and incubated two hours The mixture 
was shaken several times during the incubation period The injections 
were made subcutaneously into guinea-pigs The results obtained 
(Table 12) show that liquid petrolatum protects to a limited extent 
against the action of the toxin of C botuhnum The guinea-pigs 
receiving the toxin-liquid petrolatum mixture lived several days longer 
than the toxm control 

Expenment to deteimine whethei liquid petiolatum protects against 
the action of the toxin of C botuhnum m the stomach of the rabbit 
when foicc fed immediately aftei the toxm and at repeated intervals — 
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This experiment was conducted in the same manner as the similar test 
with olive oil and the results obtained were approximately the same 
as with the olive oil The animal receiving the liquid petrolatum lived 
eleven hours longer than the animal receiving the olive oil, a slight 
difference which we believe has no significance The details of this 
experiment have no particular significance and are omitted for the 
sake of brevity We hoped that a mineral oil which is unaffected by 
the action of the gastric juice would be more effective against the 
action of the toxin than a vegetable oil but such did not prove to be 
the case 


TABLE 12 — Effect of Liquid Petrolatum Against Action of Toxin of 
C Botulinum When the Two Are Emulsified, Incubated 
and Injected Subcutaneously 


Guinea-Pig 

Weight, Gm 

Amount Toxin 

Amount Oil 

Results 

1 

600 

3MLD 


Bead, 29 hours 

2 

550 

3 M L B 

3 c c 

Bead, 170 hours 

3 

575 

3M L D 

6 c c 

Bead, 168 hours 


BUTTER 

Our experiments with butter indicate that it affords less protection 
against the action of the toxin of C botuhnum than olive oil or liquid 
petrolatum This is probably due to some physical difference between 
the butter and the oils The water containing the toxin seemed to 
separate from the butter more rapidly than from the oils If the 
protection against the toxin afforded by fats depends upon a slowing 
down of the rate of absorption then the amount of protection afforded 
by any fat depends on the rate of separation of the water from the fat 

TABLE 13 — Effect of Butter Against Action of Toxin of C Botulinum 
When the Two Are Emulsified, Incubated and Injected 
Subcutaneously Into Guinea-Pigs 


Guinea Pig 

Weight, Gm 

Amount Toxin 

Amount Butter 

Results 

1 

450 

SM L B 


Bead, 21 hours 

2 

350 

3M L B 

3 c c 

Bead, 35 hours 

3 

450 

3M L B 

6 c c 

Bead, 50 hours 


Experiment to determine whether butter protects against the action 
of the toxin of C botulinifyn when the two are emulsified , incubated 
and injected subcutaneously into guinea-pigs — The butter was melted, 
emulsified with a type B filtrate and incubated two hours The emul- 
sion was shaken several times during the incubation period Injections 
were made subcutaneously into gumea-pigs The results obtained 
(Table 13) indicate that butter has a slight retarding action on the 
toxin of C botulinum We believe this -action is due to a slowing down 
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of the rate of absorption and that butter does not protect against 
the toxin as well as olive oil because the emulsion breaks down more 
rapidly 

MILK, EGG WHITE, EGG \OLIC, SUGAR, BRAIN, GELATIN 

Kempner and Schepilewsky 30 state that the bram tissue of a gumea- 
pig will neutialize from 3 to 4 M L D of toxin if the bram tissue 
and toxin are mixed in a test tube and that some protection is afforded 
by the bram tissue if injected separately from the toxin Our experi- 
ments indicate that the brain tissue of the sheep has no special affinity 
for the toxin of C botulinum and m “in vitro” injections affords little 
or no protection 

Ex per imcnt to detc> mine zvlicthei milk , egg white, egg yolk, sugai, 
biain tissue and gelatin affoid as gieat protection against the action 
of the toxin of C botulinum as olive oil — The brain tissue was ground 
up and squeezed through cheese cloth A type B toxin filtrate was 
used All mixtures were shaken thoroughly, incubated 1 hour and 
injected subcutaneously into guinea-pigs The results obtained (Table 
14) indicate that in subcutaneous injections the protection afforded by 
these food substances is not equal to that of olive oil 


TABLE 14 — Result of \n Experiment to Determine Whether Milk, Egg 
White, Egg Yolk, Sugar, Brvin Tissue and Gelatin Afford as Great 
Protection as Olive Oil Against Action of Toxin or C Botulinum 


Guinea Pig 

Amount Toxin 

Vmount Neutralizing Agent 

Results 

1 

3M L D 


Dead in 20 hours 

n 

3 M L D 

See olho oil 

Lived 

3 

4 5i L D 

3 c c olive oil 

Dead m 70 hours 

4 

2 M L V 

ice milk 

Dead in 20 hours 

5 

2 51 L D 

1 c c 25% solution glucose 

Dead in 42 hours 

0 

2 51 L D 

3cc egg white 

Dead in 40 hours 

7 

2 51 I, D 

3 c c egg yolk 

Dead m 40 hours 

8 

2 51 It D 

3 gm sheep brain 

Dead in 36 hours 

9 

3 51 LI) 

3 c c 20% gelatin in w ater 

Dead in 35 hours 


VINEGAR 

A number of outbreaks of botulism have followed the eating of 
salads containing the poisonous food We considered it advisable to 
determine whether any of the ingredients of ordinary salad dressing 
would affect the action of the toxin The three common ingredients of 
salad dressings are olive oil, egg and vinegar We have already shown 
that olive oil affords some protection against the action of the toxin 
of C botulinum and that egg affords little or no protection We record 
here our experiments with vinegar 

Experiment to determine whether vinegar affords protection against 
the action of the toxin of C botuhmnn when the two are mixed in a 
test tube, incubated two hows and injected subcutaneously into guinea- 

30 Kempner and Schepilewsky Ueber antitoxische Substanzen gegenuber 
dem Botulismusgift, Ztschr f Hyg 27 213, 1898 
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pigs — A Type B toxm filtrate and apple vinegar were used The 
toxin and vinegar were mixed m a test tube and incubated two hours 
and injected subcutaneously in gumea-pigs The results obtained 
(Table 15) show that 3 c c of the apple vinegar used protected against 
the action of a 4 M L D of toxm 

It was found that the vinegar caused considerable necrosis, and 
the possibility of this accounting for the protection against the toxm 
was considered It was thought that the necrosis might slow down 

the rate of absorption and the necrotic cells absorb some of the toxm 

\ 

TABLE IS — Effect of Vinegar Against Action of Toxin of C Botulinum 
When the Two Are Mixed, Incubated Two Hours 
and Injected Subcutaneously 


Guinea Pig 

Weight, 6m 

Amount Toxm 

Amount Vinegar 

Result 

1 

415 

4M L I) 


Dead in 15 hours 

2 

400 


3 c c 

Lived 

3 

405 

4M L D 

3 c c 

Dead in 84 hours 

4 

400 

4M L D 

3 c c 

Lived 


TABLE 16 — Results of an Experiment to Determine Whether the Pro- 
tection Afforded by Vinegar Against Action of Toxin of C Botulinum 
I s Due to Necrosis of Tissues or to Acetic Acid Present in Vinegar 


Guinea- 

Weight, 

Amount 

Amount 

- 


Pig 

Gm 

Toxm 

Vinegar 

Remarks 

Results 

1 

415 

4 51 

L 

D 



Dead, 15 hours 

2 

430 

4 M 

L 

D 

3 e c 

Neutralized iwth sodium hydroxid 








just before injecting 

Lived 

3 

415 

4 M 

L 

D 

3 e c 

Neutralized before adding to toxin 

Lived 

4 

275 

8 M 

L 

D 

1 c c 

Neutralized before adding to toxin 

Dead, 27 hours 

5 

2S0 

20 M 

L 

D 

ICC 

Neutralized before adding to toxm 

Dead, 15 hours 

6 

275 

200 M 

L 

D 

1 c c 

Neutralized before adding to toxin 

Dead, 15 hours 


Expei intent to determine whethci the piotection afforded by vinegar 
against the action of the toxm of C botulmum is due to a neutralization 
of the toxm or to a necrosis of the tissues oi to the acetic acid present 
m the vinegai — Vinegar neutralized with sodium hydroxid causes little 
or no necrosis The toxm filtrate and vinegar were mixed, incubated 
two hours, neutralized with normal sodium hydroxid and injected subcu- 
taneously into gumea-pigs To determine whether neutralized vinegar 
protects against the action of the toxm, vinegar was neutralized with 
normal sodium hydroxid, mixed with the toxm, incubated and injected 
subcutaneously into gumea-pigs The results obtained (Table 16) 
indicate that the protection afforded by the vinegar is not due to the 
necrosis of the tissues They also indicate that the action on the toxm 
is not due to the acid m the vinegar since the neutralized vinegar also 
protects against the action of the toxm 

Expenment to deteimme wliethei acetic acid , sodium acetate and 
sodium hydiovid will piotect against the action of the toxm of C . 
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botuhnum when mixed zuitJi the toxin incubated and injected subcu- 
taneously into guinea-pigs— A Type B toxin filtrate was used The 
amount of normal sodium hydroxid used was the same as that used 
to neutralize the 3 c c of vinegar The amount of acetic acid used 
was the amount required to neutralize the sodium hydroxid Controls 
vuth acetic acid and normal sodium hydroxid were not made The 
mixtures were incubated two hours before being injected subcutaneously 
into guinea-pigs The results obtained (Table 17) show that acetic 
acid and sodium acetate do not neutralize the toxin of C botuhnum. 
The guinea-pig receiving the sodium hydroxid-toxin mixture neutral- 
ized just before injecting lived nine days The animal receiving sodium 
h) droxid toxin mixture unneutralized died in fourteen days The death 
of this animal may ha\e been due to the alkali rathei than to the toxin, 
as the whole lower pait of the body was greatly swollen The animal 
iccening the sodium hjdioxicl neutralized with acetic acid before the 
toxin was added died The protection afforded by the sodium hydroxid 
apparently is not due to a slowing down of the rate of absorption of 
the toxin as theie was no e\idence of necrosis in the animal living 
nine days The results obtained with the sodium hydroxid suggest 
that it neutralizes the action of the toxin to some extent 


TABLE 17 — Effect of Acetic Acid, Sodium Acetate and Sodium Hydroxid 
Acaixst Action of Toxin of C Botulinum When Mixed with 
Toxin, Incub \tfd and Injected Subcutaneously 


Guinea 

Weight, 

Amount 



Pip 

Gm 

To\ln 

Amount Neutral Agent and Remarks 

Results 

1 

27 r > 

4 M 

I, 

D 


Pcad, 15 hours 

n 

277 

4 M 

L 

n 

1 c c salt solution 

Dead, 15 hours 

3 

2S7 

4 M 

L 

i> 

2 4 cc normal acetfe acid Neutralized with 
normal sodium hydro\id just befoie 
injecting 

Dead, 36 hours 

1 

200 

1 St 

L 

D 

24 cc normal acetic acid Neutralized with 
normal sodium hj droxid before adding to 
toxin 

Dead, 36 hours 

"> 

"00 

4 M 

L 

p 

2 4 c e normal sodium hv droxid 

Dead, 14 days 

G 

400 

4 SI 

D 

p 

24 cc normal sodium n> droxid neutralized 
with normal acetic acid just before injecing 

Dead, 0 days 

7 

S 

710 

327 

4 SI 

L 

p 

0 04 gm sodium acetate 

0 04 gm sodium acetate 

Dead 26 hours 
Dived 


These experiments have not determined the active agent in the pro- 
tection afforded by vinegar or vinegar neutralized with normal sodium 
hydroxid We apparently have eliminated acetic acid as a factor m 
the first case and sodium acetate as a factor in the second case Since 
sodium hydroxid reduces the virulence of the toxin, we have not elim- 
inated the possibilty of the protection afforded by the vinegai being 
due to necrosis of the tissues and the protection afforded by the neu- 
tralized vinegar being due to some action of the sodium hydroxid 
As we have shown that sodium hydroxid neutralized with acetic acid 
does not reduce the virulence of the toxin we believe that the piotection 
afforded by the vinegar is not due entirely to necrosis but to some factor 
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not determined by us A qualitative test for alcohol was positive 
Our experiments were discontinued at this point Armstrong, Story 
and Scott state that alcohol neutralizes the toxin of C botulmum The 
small amount of alcohol in the vinegar may account for its neutralizing 
action on the toxm Further experiments with vinegar should be made 
In this connection it is interesting to note that Dickson, 8 quoting 
Schreiber and Hirschfeldt, reports two outbreaks of food poisoning 
following the eating of herring preserved m vinegar Also, some of 
the outbreaks of botulism in this country followed the eating of salads 
containing vinegar and olive oil 


TABLE 18 — Effect of Vinegar Against Action or Toxin of C Botulinum 
in Stomach of Rabbit When Force Fed Immediately 
After Toxin and at Repeated Intervals 




Amount 

Amount 

Hours After 


Rabbit 

Weight, Gm 

To\in 

Vinegar 

Feeding Toxm 

Results 

1 

2,300 

2 5 c e 



Dead, 15 liousr 

2 

1,725 

2 5 c c 



Head, 15 hours 
Head, 39 hours 

3 

1,200 

2 5 c c 

10 e c water 

0, 2, 18, 25 

4 

1,465 

2 5 c C 

5 c c i megar 

0, 2, 18 

Lived 


Experiment to determine whethei vinegai piotects against the action 
of the toxin of C botulmum m the stomach of the ' rabbit when foi ce 
fed immediately aftei the toxin and at repeated intervals — A Type B 
toxin filtrate was used The amount given was approximately 2 M L 
D The rabbits were fed 5 c c vinegar at each treatment, receiving 
a total amount of 15 cc The results obtained (Table 18) indicate 
that vinegar affords some protection against the action of the toxin 
m the stomach of the rabbit 

gram’s iodin solution 

Experiment to determine whethei Giant’s solution piotects against 
the action of the toxin of C botulmum when the two are mixed , incu- 
bated and injected subcutaneously into guinea-pigs — A Type B toxin 
filtrate was used The Gram solution was mixed with the toxin, incu- 
bated two hours and injected subcutaneously into guinea-pigs The 
results obtained (Table 19) indicate that this solution protects against 
the action of the toxm of C botulmum A guinea-pig was saved from' 
the effects of 8 M L D of toxin by 0 1 c c of Gram’s solution 

Expei intent to deteimine whethei Giant’s solution will piotect 
against the action of the tovm of C botulmum when injected separately 
fiom the toxin — A Type B toxin was used Repeated injections of 
Gram’s solution were made on the opposite side of the body of the 
gumea-pigs from the toxm The injections were begun before or 
at the same time the toxm was injected To prevent the 10 dm causing 
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necrosis of the tissues, 70 mg of corn starch were added to each cubic 
centimeter of the Gram solution The 10 dm injections were repeated 
at three hour intervals The results obtained (Table 20) indicate that 
Gram’s solution when injected separately from the toxin offers no 
protection 

TABLE 19 — Effect of Gram’s Solution Against Action of Toxin of 
C Botulinum When the Two Are Mixed, Incubated and 
Intected Subcutaneously Into Guinea-Pigs 


Guinea-Pig 

Weight, Gm 

Amount To\in 

Amount Grnm’s 
Solution 

Results 

1 

420 

4 M 

L D 


Dead, 28 hours 

o 

34 r > 

8 M 

L D 


Dead, 15 hours 

3 

27 r > 

4 51 

L D 


Dead, 15 hours 

4 

450 

4 M 

L D 

1 5 c c 

Lived 

r . 

200 

4 sr 

L D 

0 S e c 

Lived 

f. 

275 

4 51 

L T> 

0 G cc 

Lived 

7 

270 

4 51 

L D 

0 4 c c 

Lived 

S 

200 

4 51 

L D 

0 1 c e 

Lived 

0 

345 

8 51 

L D 

0 1 c e 

Lived 

10 

335 

20 51 

I , D 

0 1 c c 

Dead in 40 hours 

11 

320 

200 51 

L D 

0 1 c c 

Dead in 15 hours 


TABLE 

C 

20 — ErrECT of Gram’s Solution Against Action 
Botulinum When Injected Separately from the 

of Toxm OF 
; Toxin 

Guinea 


Amount 

Amount Gram's Hours Injected 


Rip 

Weight, Gm Toxin 

Solution Alter Toxin 

Results 

1 


315 2M L D 


Dead, 35 hours 

O 


315 2 51 L D 

4 c c 0, 3, 5, 0 

Dead, 29 hours 

3 


280 2 51 L D 

4 c c 3, 0, 3, 5, 0 

Dead, 31 hours 


TABLE 21 — Result of Experiment to Determine Whether the Protection 
Afforded by Gram’s Solution Against Action of Toxin of C Botulinum 
Is Due to the Necrosis of the Tissue, to the Potassium Iodid or 
to the Iodin 


Guinea- 

Pip 

Weight, 

Gm 

Amount Toxin 

Amount Neutralizing Agent 
and Remarks 

Results 

1 

335 

4 51 

L 

D 


Dead, 15 hours 

O 

450 

4 51 

L 

D 

1 5 c c Gram’s solution 

1 5 c c Grnm’s solution, starch added 

Lived 

3 

4(w 

4 M 

L 

D 


4 

4 GO 

4 M 

L 

D 

just belore injecting 

15 ce Grnm’s solution, starch added 

Lived 

5 

450 

4 51 

L 

D 

belore the toxin 

3 c c saturated solution oi iodin 

Lived 

Lived 

G 

420 

4 51 

L 

D 

1 6 c c 2% potassium iodid 

Dead, 40 hours 

8 

435 

4 51 

L 

D 

105 mg corn stnreh in salt solution 

Dead, 28 hours 

7 

210 

4 51 

L 

D 

4 5 c c 2% potassium iodid 

Dead, 27 hours 


Expcnment to deteimme whether the piotection affoided by Gram's 
solution against the action of the toxin of C botulinum is due to the 
ncci osis of the tissues , to the potassium iodid or to theiodm — A Type 
B toxin filtrate, a 2 per cent solution of potassium iodid and a saturated 
aqueous solution of iodin were used Seventy mg of corn starch were 
added to each cubic centimeter of the iodin solution to prevent necrosis 
of the tissues The toxm and solutions were mixed, incubated two hours 
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and injected subcutaneously into guinea-pigs The animals receiving 
the Gram solution, the Gram 10 dm starch mixture and the saturated 
solution of 10 dm lived The animal receiving the potassium lodid died 
about the same time as the controls The results obtained (Table 21) 
show that the protection afforded by Gram’s solution is not due entirely 
to necrosis of the tissues or to the potassium lodid present, but to the 
10 dm 

Experiment to determine whether Glands solution neutralised with 
com starch is just as effective as unneutralised Grands solution in pro- 
tecting against the action of the toxin of C botuhnum — A Type B 
toxin filtrate was used To neutralize the action of the Gram’s solution 
on the tissues, 70 mg of corn starch was added to each cubic centimeter 
The toxin was mixed with the solutions, incubated two hours and 
injected subcutaneously into guinea-pigs The results obtained (Table 
22) indicate that the addition of starch to the Gram solution slightly 
reduces its protective action against the toxin The increased protection 
afforded by the unneutralized Gram’s solution may be due to its action 
on the tissues 


TABLE 22 — Results of Experiment to Determine Whether Gram’s Solu- 
tion Neutralized with Corn Starch Is Just as Effective as Unneu- 
tralized Gram’s Solution in Protecting Against Action of Toxin of 
C Botulinum 


Guinea-Pig 

Weight 

Amount Toxin Amount Neutralizing Agent 

Result 

1 

420 

4 M 

L D 


Dead, 28 hours 

2 

275 

4 M 

L D 


Dead 15 hours 

3 

200 

4 M 

l r> 

01 cc Gram’s solution 

Lived 

4 

345 

8 M 

L D 

0 1 c c Gram’s solution 

Lived 

5 

335 

20 M 

X, D 

0 1 c e Gram s solution 

Dead, 40 hours 

6 

320 

200 M 

L D 

0 1 c c Gram’s solution 

Dead, 15 hours 

7 

465 

4 M 

L D 

0 4 c c neutralizing Gram s solution 

Lived 

8 

380 

8 M 

L D 

0 4 c c neutralizing Gram s solution 

Dead, 110 hours 

9 

360 

20 M 

L D 

0 4 c c neutralizing Gram s solution 

Dead, 18 hours 

10 

385 

200 M 

L D 

0 4 c e neutralizing Gram s solution 

Dead, 15 hours 


TABLE 23 — Effect of Gram’s Solution Against Action of Toxin of 
C Botulinum in Stomach of Rabbit When Force Fed Imme- 
diately After Toxic Culture and at Repeated Intervals 



Amount Toxic 

Amount Gram’s 

Hours Aftei 


Rabbit 

Culture 

Solution 

0 oxin 

Results 

1 

6 c c 



Dead, 17 hours 

2 

6 c c 



Dead, 30 hours 

3 

6 c c 

4 c c 

0 

Dead, 3 hours 

4 

6ec 

4 c c 

0, 2,4 

Liv ed 


Experiment to determine whether Grands solution will protect 
against the action of the toxin of C botuhnum in the stomach of the 
rabbit when force fed immediately after a toxic culture and at repeated 
intervals — Each rabbit received 6 cc of a toxic meat culture of C 
botuhnum Type B Four cc of Gram’s solution was used at each 
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treatment This is an extreme dose and will kill some of the rabbits 
before the toxin has time to act We did not test the effect of a 
Gram lodin-starch solution The Gram solution is a strong dis- 
infectant and should destroy the organisms reached as well as the toxin 
In our short series of experiments one of the rabbits receiving the 
Gram solution after the toxin lived, indicating that the 10 dm has some 
neutralizing action on the toxin in the stomach of a rabbit (Table 23) 

LIQUID SOAP 

We have already shown that sodium hydroxid has a neutralizing 
action on the toxin of C botuhnum Since soap contains an alkali 
and may be used m the pieparation of enemas, we undertook to deter- 
mine whether liquid soap would protect against the action of the toxm 
of C botuUmitn The soap used did not change the color of either 
litmus paper or phenolphthalem paper 


TABLE 24 — Effect of Liquid Soap Against Action of Toxin of 
C Botulinum When the Two Are Mixed, Incubated 
and Injected Subcutaneously 


Guinea 


Amount 

Ymount 



PtK 

1 

Weight, Gm 
273 

Toxin 

4 M L D 

Soap 

Remarks 

Results 

Dead, 15 hours 

o 

307 

451 L D 

1 c c 

3 c c salt solution added 
just before injecting 

Ln ed 

3 

31.7 

8MLD 

ICC 

3 e c salt solution added 
just before injecting 

Lived 

4 

330 

20 m L n 

1 c c 

3 c e salt solution added 
just before injecting 

Lncd 

o 

323 

200 31 L I) 

1 c c 

3 c c salt solution added 
just before Injecting 

Lived 


Expci uncut to detcnnme whethei liquid soap will protect against 
the action of the toxin of C botuhnum when the two aie mixed, incu- 
bated and injected subcutaneously into guinea-pigs — A Type B toxm 
filtrate w*as used Subcutaneous injection of the soap caused consider- 
able necrosis and occasionally death The addition of salt solution was 
found to prevent this, and in these experiments 3 cc of physiologic 
sodium chlond solution were added to each cubic centimeter of soap 
used The salt solution was added to the toxin-soap mixture after the 
incubation period The toxm-soap mixtures were incubated two hours, 
the salt solution added, and then injected subcutaneously into gumea- 
pigs The results obtained (Table 24) show that 1 cc of the liquid 
soap used protected a gumea-pig from at least 20 M L D of toxm 
No attempt was made to determine the active agent in the neutralization 
of the toxm, but we believe that the alkali in the soap neutralized the 
toxm We found that glycerin has no effect on the toxm 

Experiments to determine the action of soap on the toxm in the 
stomach of rabbits was begun but were not earned far enough to war- 
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rant description In our preliminary experiments m force feeding soap, 
the animals died in a few hours from the effects of the soap Experi- 
ments should be made to determine whether the soap can be diluted 
sufficiently not to injure the rabbit fatally and retain its action on 
the toxin The action of the soap on the toxin in the intestines should 
also be demonstrated Experiments with soap might lead to some 
treatment of value 

MISCELLANEOUS FEEDING EXPERIMENTS 

Drawing any conclusions from the results of a short series of 
feeding experiments is very unsatisfactory This is particularly true 
when feeding small amounts of toxin and basing the conclusions on 
the time of appearance of the symptoms or the time of death How- 
ever, these are conditions that are difficult to avoid We are dealing 
with a powerful toxin and we cannot hope for more than a slight 
protection from any nonspecific treatment In subcutaneous injections 
the lethal dose can be accurately determined and remains fairly con- 
stant for animals of the same weight This is not true m feeding 
experiments As a result of our experiment to determine the effect of 
a full rabbit stomach on the action of the toxin, we believe that the 
amount of food m the rabbit stomach at the time the animal is fed 
will affect the time of death Also, if the feeding tube penetrates 
the mass of food in the stomach and the toxin is deposited m the 
center of the food mass, absorption will be delayed Some rabbits 
readily take food after the toxin is fed, others eat sparingly or not at 
all In order to discount these factors, we used two toxin controls 
and sufficient toxin to insure death in less than forty-eight hours Pre- 
sumably any animal living longer than forty-eight hours was pro- 
tected to some extent by the substance being tested The amount of 
toxin used was such that In most cases the toxin controls were dead 
m fifteen hours While the animals living longer than forty-eight 
hours apparently were protected to some extent, it is possible that 
some of the animals dying between twenty-four and forty-eight hours 
were also slightly protected 

We believe that with most of the substances used by us the main 
factor in the protection afforded is a slowing down of the rate of 
absorption We have shown m subcutaneous injection that by mixing 
the toxin with olive oil, the rate of absorption is slowed down to such 
an extent that gumea-pigs will resist three lethal doses The rate of 
absorption of the toxin from the stomach affects the time of the appear- 
ance of symptoms and of death And, m case a small amount of 
toxin is ingested, any slowing down of the rate of absorption may 
prevent death 



B URKE-ELDE R-PISCHEL—B 0 T ULISM 297 

When it became evident that our investigations must be terminated, 
we carried out a number of feeding experiments We had already 
shown that some of the substances used had no effect on the toxin 
when mixed with it and injected subcutaneously It was thought, 
how r e\ er, that they might delay the appearance of the symptoms when 
force fed into the stomach immediately after the toxin The results 
obtained w r ould, at least, have some bearing on our belief that the 
amount and kind of food taken with the toxin materially affects the 
time of appearance and severity of the symptoms Also, these non- 
neutralizmg substances might have more effect on the toxin after 
coming in contact with and being altered by the gastric juice Other 
of these substances had been shorvn to protect against the action of 
the toxin m subcutaneous injections It w^as thought that these might 
not hare any effect on the toxin m the stomach as a result of being 
altered bj contact with the gastric juice before coming m contact 
with the toxin 

pci micnt to det amine the effect of milk, tin pentinc, alcohol, a 
pi opt ictai y net vc tonic and zvatei on the toxin m the stomach of the 
> abhit when foicc fed immediately aftci the form and at repeated 
mtcivah — About 2 M L D of Type B toxin u r as used, this required 
2 5 c c of the filtrate We have shown that milk does not neutralize 
or protect against the action of the toxin m subcutaneous injections 
Armstrong, Story and Scott have showm that alcohol will protect 
against the action of the toxin w'hen the two are mixed and injected 
subcutaneously We used a 30 per cent solution of alcohol While 
testing the protective properties of miscellaneous substances it was 
suggested that the eftects of a proprietary nerve tonic be determined 
According to the label this tonic contained 14 per cent alcohol, and 
each fluid ounce contained 8 grams sodium glycerophosphate, 4 grams 
calcium glycerophosphate, 4 grams potassium glycerophosphate, % 0 
gram strychnin glycerophosphate, %g gram lecithin and %o gram 
avenin The tonic was used without diluting These substances were 
force fed immediately after the toxin and at repeated intervals The 
results obtained (Table 25) indicate that either numerous substances 
have a slight effect on the action of the toxin m the stomach of the 
rabbit, or that none of the substances used had any effect, and the results 
obtained simply represent individual variation in resistance to the toxin 
Rabbits do show considerable variation m resistance to force fed toxin 
We believe, however, that our results indicate something more than 
individual variation or error in technic In experiments of this kind 
m which w r e are endeavoring to determine or measure slight effects and 
in which all the factors cannot be controlled, long series of experiments 
should be made We have not had an opportunity to do this 
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TABLE 25 — Results or Experiments to Determine Eitect or Miik, Tur- 
prNTiNr, Aicoiiol, a Proprietary Nerve Tonic and Water on tiie Toxin 
or C Botulinum in the Stomach or Rabbit When Force Fed Imme- 
diately Attlr Toxin and at Replated Intlrvais 



Weight, 

Amount 

Amount Neutral 

Injections Hours 


Rabbit 

Gin 

Toxin 

f/ing Agent 

Alter Toxin 

Results 

1 

2,300 

2 5 c c 



Head, 11 hours 

o 

1,721 

2 5 c c 



Dead, 15 hours 

3 

1,075 

2 5 c c 

10 c c milk 

0, 2, 18, 21 

Dead, 87 hours 

4 

1,571 

2 6 c c 

5 c c tonic 

0, 2, 18, 21 

Lived 

5 

1,800 

2 5 c c 

1 c c turpentine 

0,1 

Dead, 80 hours 

0 

2,000 

2 5 c c 

4 c c 30% alcohol 

0, 1 

Dead, 73 hours 

7 

1,200 

2 5 c C 

15 c c u ntei 

0, 2, 18, 21 

Dead, 39 hours 


EPINEPHRIN 

Mane 151 stales that epmephnn neutializes the soluble toxins of 
tetanus and diphtheria He shows that epmephnn will piotect against 
lethal doses of the toxins both m “in vitro” and m “in vivo” experi- 
ments Our experiments indicate that epmephnn chlond affouls some 
protection against lethal doses of the toxin of C botuhnum when the 
two are mixed and injected subcutaneously 

Experiment to determine whether epmephnn chlond will protect 
again it the action of the toxin of C botulinum zvhen the two are mixed, 
incubated and injected subcutaneously into guinea-pigs — A Type B 
toxin filtiate and the ordinary commercial epmephnn chlond solution, 
1 1,000, were used The toxin and epmephnn solution were mixed, 
incubated two hours and injected subcutaneously in guinea-pigs The 
results obtained (Table 26) indicate that epmephnn chlond solution 
has some neutiahzmg action on the toxin of C botulinum Experi- 
ments should be made to determine whethei the action of epmephnn 
on the body influences the course of the disease 


TABLE 26 — Eitict or Epinephrin Ciilorid Against Action or Toxin of 
C Botulinum When the Two Are Mixed, Incubated 
and Injected Subcutaneousla 


Guinea Pig 

Weight, Gm 

Amount Toxin 

Amount Epinephrin 

Results 

1 

171 

3MID 


Dead 18 hours 

o 

200 


0 1 c c 

Lived 

3 

200 

3 M L D 

0 1 c c 

Dead, 42 hours 

4 

210 

31IID 

0 2 c c 

Dead, 00 hours 


POTASSIUM PERMANGANATE 

Experiment to determine whether potassium permanganate will 
piotect against the action of the toxin of C botulinum zvhen the tzvo 
are mixed, incubated and injected subcutaneously m guinea-pigs — A 

33 Marie Du mode d’action de l’adrenalinc vis a vis des toxines solubles, 
Cotnpt rend Soc de biol 82 1919, Du mode d’action de l’adrenaline sur les 
toxines bactcriennes, Ann de l’lnst Pasteur 33 645, 1919 
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Type A toxin filtrate and a 1 per cent water solution of potassium 
permanganate were used The toxm and potassium permanganate 
solution were mixed, incubated two hours and injected subcutaneously 
into guinea-pigs The results obtained (Table 27) indicate that 1 c c 
of a 1 per cent solution of potassium permanganate will protect a 
guinea-pig from at least 6 M L D of toxin The potassium perman- 
ganate causes considerable necrosis of the tissues No attempt was 
made to determine if the necrosis is a factor m the protection afforded 
by the potassium permanganate 


TABLE 27 — Effect of Potassium Permanganate Against Action of Toxin 
of C Botulinum When the Two Are Mixed, Incubated 
and Injected Subcutaneously 


Guinea Pjr 

Amount Toxin 

Amount Potassium 
Permanganate 

Result 

1 

2 M L D 


Dead, 36 hours 

2 

2MID 

Ice 

Dead, 15 days 

s 

3 5IID 

Ice 

Lived 

4 

4 M L D 

1 C.C 

Lived 

5 

CM L I) 

/ 

1 c c 

Lived 


CONCLUSIONS 

1 Spoiled foods containing gas may appear to be boiling for several 
minutes before the true boiling point is reached We recommend that 
all suspected food be subjected to vigorous boiling for at least thirty 
minutes before being tasted 

2 Spoiled canned foods giving the appearance of boiling for seven 
minutes and subjected to actual boiling for four minutes are not safe 
to eat Spoiled canned foods exposed to a temperature of 80 C for 
one hour may appear to be boiling part of the time and not be safe 
to eat 

3 We may expect to have outbreaks of botulism following the 
eating of insufficiently cooked spoiled foods 

4 The heat resistance of the disease producing power of different 
kinds of spoiled canned foods containing C botulmum and its toxm 
has not been determined and probably will be found to vary 

5 There have been no recorded outbreaks of botulism in this 
country without a history of preserved foods having been eaten 

6 There is no evidence that infection m man ever follows the 
ingestion of toxm free organisms of C botulmum 

7 There is no evidence that infection in man ever follows the 
ingestion of the toxm and organisms of C botulmum 

8 Botulism does not result from the ingestion of small numbers 
of toxm free spores 
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9 The disease producing power of an old can of spoiled beans 
containing C bohtlinum and its toxin can be destroyed by an exposure 
to temperatures that rarely if ever destroy the spores of C botulmum 

10 Rabbits can be saved front the effects of feeding 2 M L D of 
a toxic culture of C botulmum by the intravenous injection of the 
homologous antitoxin as soon as the symptoms appear Such rabbits 
cannot be saved if the antitoxin treatment is delayed until the symp- 
toms are well advanced 

11 In outbreaks of botulism, as soon as the first case develops, 
a polyvalent immune serum should be injected intravenously in all 
those who have partaken of the suspected meal This treatment should 
materially decrease the death rate 

12 The contents of a full normal rabbit stomach does not neutiahze 
the toxin of C bottilmum but it apparently reduces the action of the 
toxin to some extent by slowing down or preventing its absorption 

13 Fats and oils do not neutralize the toxin of C boiuhnum 

14 Fats and oils will protect against the action 'of the toxin of 
C botulmum when the toxin and fat or oil are emulsified and injected 
subcutaneously into guinea-pigs This protection is very limited and 
varies with the degree of the emulsion and the type of fat The pro- 
tection is due to a slowing down of the rate of absorption of the toxin 

15 Olive oil will delay the action of the toxin m the stomach of a 
rabbit when force fed immediately after the toxm and at repeated 
intervals It apparently affords no greater protection than milk 

16 Certain food substances, such as glucose, brain tissue, milk, 
eggs and gelatin do not neutralize the toxm of C botulmum and do 
not protect as effectively as olive oil against the action of the toxin 
in subcutaneous injections 

17 Apple vinegar, giving a positive test for alcohol, piotects against 
the action of the toxin of C botulmum when the two are mixed, incu 
bated two hours and injected subcutaneously into guinea-pigs 

18 The protection afforded by the vinegar is not due to necrosis 
of the tissues, since vinegar neutralized with .sodium hydroxid does 
not cause necrosis, and still protects against the action of the toxin 
The protection afforded by the vinegar may be due to the alcohol 
present Acetic acid and sodium acetate do not neutralize the toxm 
of C botulmum 

19 Vinegar when force fed immediately after a toxm filtrate and 
at repeated intervals afforded some protection against the action of 
the toxm in the stomach of the rabbit 

20 Sodium hydroxid, potassium permanganate and liquid soap 
have a neutralizing action on the toxin of C botulmum 

21 Epmephrin chlorid has a slight neutralizing action on the toxm 
of C botulmum 
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22 lodm and 10 dm to which sufficient starch has been added to 
pre\ent necrosis of the tissues has a strong neutralizing action on the 
toxin of C botuhnum Potassium lodid does not neutralize the toxin 
of C botuhnum In “in vivo” experiments, lodm injected on the 
opposite side of the body from the toxm afforded no protection Gram’s 
solution aftotds some protection against the action of the toxm in the 
stomach of the rabbit when force fed immediately after the toxin 

SUMMARY 

The treatment of botulism is in the experimental stage, and based 
mainly on insufficient or inexact knowledge In experimental work 
with laboratory animals and in the treatment of human cases of botu- 
lism there has not been gained sufficient knowledge to develop a 
scientific tieatment This can be explained partly on the grounds that 
it is only within the past few years that the attention of the inves- 
tigators has been diawn to the subject of botulism and partly to the 
fact that we are dealing with a powerful and rapidly acting toxin 
However, we have reasons to believe that when further experimental 
work has been done, and physicians become better acquainted with 
the disease, a treatment will be de\ eloped that will materially lessen 
the death rate 

o 

Specific Ticcitment — The treatment of botulism may be classed as 
specific and general By specific treatment we mean the use of an 
immune serum which neutralizes the specific toxm of C botuhnum 
Since there are at least two distinct toxins, and there is no rapid means 
of determining the type, it is necessary to use a polyvalent antitoxin 
or a Type A and a Type B antitoxin And since there is a possibility 
that C botuhnum occasionally produces its toxm in the body, the 
immune serum should be bacteriolytic or bactericidal as well as anti- 
toxic The serum should be injected intravenously 

The immune serum to be beneficial must be used as soon as possible 
after the diagnosis is made In all cases of doubtful diagnosis, all of 
those having partaken of the suspected meal should receive immediate 
antitoxin treatment The antitoxin can only neutralize the toxin and 
prevent further injury It is of no value to the already damaged 
nervous system The evidence we have indicates that treatment begun 
after the symptoms are well advanced will not, m most cases, alter the 
course of the disease But we have sufficient experimental evidence to 
believe that some of those receiving lethal amounts of toxm can be 
saved by the use of antitoxin if the treatment is begun at about or 
before the time the symptoms appear 

General Treatment — The general treatment of botulism consists of 
treatment of the digestive tract and stimulation of the nervous system 
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Botulinus toxin is a true toxin and differs from the toxins of diph- 
theria and tetanus m that it is, so far as we know, taken into and 
possibly produced m the digestive tract and is not altered by the gastric 
juice This gives us an opportunity to develop a treatment directed 
against the toxin in the digestive tract as well as in the blood stream 

Treatment of the digestive tract m cases of botulism has been 
designed to prevent the further absorption of the toxin by its removal, 
stimulation of gastric secretions, the use of demulcents and oils A 
method of neutralizing the toxin in the digestive tract should also be 
developed 

Intestinal Tract Treatment of the intestinal tract in cases of botu- 
lism cannot be placed on a scientific basis until we know the effect of 
the intestinal contents on the toxin Graham has shown that the 
droppings of chickens suffering from botulism and also droppings 
found in forage causing botulism when ground up and fed to horses 
caused death He apparently assumes that the toxin passed through 
the intestinal tract of the chickens and that the horses died as the 
result of the ingestion of this toxin rather than from the production 
of toxin in the digestive tract following the ingestion of toxin-free 
organisms Forssman has shown that the injection of 2,000 lethal 
doses of toxin in the rabbit intestine does not cause death He believed 
that the intestinal contents of the rabbit precipitated the toxin Until 
we know whether or not the toxin in the intestinal tract is harmful 
we must proceed upon the assumption that it is and take steps for 
its removal, neutralization and the prevention of absorption 

We recommend the use of high enemas that will neutralize the 
toxin, prevent its absorption and destroy the organisms We have 
shown that some of the common ingredients of enemas should be 
beneficial Liquid soap neutralizes the toxin, olive oil prevents its 
absorption and turpentine may have some beneficial action Iodm and 
potassium permanganate destroy both the toxin and organisms and 
might be used to advantage The effect of soap on the organism is 
unknown and should be determined If it can be shown that the 
toxin in the intestinal tract is harmless and is not produced there, the 
use of enemas can be restricted to feeding- and the control of 
constipation 

Stomach In those patients in which the symptoms do not appear 
for several days after the ingestion of the toxic food, we may reason- 
ably assume that there is very little, if any, of the ingested toxin remain- 
ing m the digestive tract But since there is a possibility of infection 
and production of toxin m the digestive tract, it is necessary to proceed 
on the assumption that toxin is always present in the stomach of 
any one suffering from botulism When the symptoms appear m a 
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few hours after the ingestion of the poisonous food we should expect 
to find toxin m the stomach In these cases paralysis of the stomach 
apparently sets m early Case reports show that toxin has been found 
m the stomach several days after the ingestion of the toxic food 

Treatment of the stomach should have m mind the removal of 
the toxic contents by stimulation of movement or the stomach pump, 
the prei ention of absorption by the use of demulcents and oils or 
stimulation of secretions, the neutralization of the toxin and the 
destruction of the organisms The removal of the stomach contents 
is attended with some danger as it may induce pneumonia The death 
rate among those vomiting is 75 per cent , among those not vomiting,. 
70 per cent The average time of death of those vomiting is 3 7 days 
and of those not vomiting 5 days after the ingestion 'of the toxic food 
This indicates that those ingesting the most toxin tend to vomit or the 
act of \omiting induces a terminal pneumonia 

In our experimental work we have shown that the food taken in 
with the toxin delays the appearance of the symptoms This is prob- 
ably due to a slowing down of the rate of absorption of the toxin Our 
work has also shown that a slowing down of the rate of absorption 
enables a guinea-pig to resist 3 lethal doses of toxin The use of 
oils, milk and alcohol slowed down the action of the toxin in the 
stomach of the rabbit lodin, potassium permanganate and liquid soap 
haAe a strong neutralizing action on the toxin but it has not been 
determined whether they can safely be used m the stomach m large 
enough amounts to be beneficial 

Treatment of the stomach must be begun early, as paralysis of the 
throat soon sets in and there is great danger of pneumonia Most of 
our rabbits dying after the fourth day showed gray hepatization of 
the lungs A nomrritatmg gargle of 2 per cent argyrol may be used 
as a precautionary measure 

Throat Pilocarpm has been used to remove the tenacious mucus 
usually found m the throat m advanced cases It “should be used 
with caution as the patient is unable to cough up fluid from the lungs 
if pulmonary edema is induced ” 

Nervous system Treatment of the nervous system must be general 
until we know what nerves or nerve centers are affected Strychnin 
has been used m most cases 

Supportive measures The supportive measures m use have been 
mentioned above 

We cannot hope for a more satisfactory treatment until our knowl- 
edge of the subject becomes more exact With our present knowledge 
of botulism, the death rate should be reduced when antitoxin becomes 
more available and the symptoms more readily recognized 
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PROGNOSIS 

From an examination of the incomplete statistical data we obtain 
certain facts which have a bearing on the prognosis The death rate 
m this country varies from 60 to 70 per cent The death rate among 
those first showing symptoms in all outbieaks in this country is 90 
per cent , among those last showing syihptoms 60 per cent The death 
rate of those vomiting is 75 per cent Vomiting cannot be considered 
a favorable sign The death rate of those showing symptoms in 
twenty-four hours after the ingestion of the toxic food is 84 per cent , 
of those showing symptoms for the first time after seventy-two hours 
it is 55 per cent , and of those alive after the eighth day it is 20 
per cent 



THE RELATION OF HYPERTHYROIDISM TO 
DIABETES MELLITUS * 


REGINALD FITZ, MD 

ROCHESTER MINN 

At a meeting of the Deutscher Kongress fur innere Medizm m 
1906, Friedrich Muller 1 suggested that a special type of glycosuria is 
related to exophthalmic goiter His immediate reasons for this belief 
were drawn from his experience with two cases The first was one 
of exophthalmic goiter in which he had given thyroidin, hoping thereby 
to dimmish the size of the thyroid gland The symptoms of hyper- 
thyroidism did not improve under this form of treatment and sugar 
began to appear in the urine in increasing amounts The glycosuria 
did not diminish after administration of the thyroidin was stopped, and 
the patient died in coma a few months later The second case was that 
of a woman with a chronic goiter who had taken thyroid extract for 
a long time, and who had developed diabetes Some time later the 
goiter disappeared spontaneously, and, to Miller’s surprise, the symp- 
toms of diabetes also disappeared so that the patient was eventually 
able to take laige amounts of carbohydrate without producing gly- 
cosuria These two cases were the basis for Muller’s statement that, 
in the future, the thyroid gland should be studied more carefully in 
its relation to diabetes 

Since the publication of Muller’s paper on this subject, numerous 
others have appeared m European literature, although but little atten- 
tion has been paid to it in this country My purpose is to discuss this 
topic and to present such data as I have been able to collect from the 
records of the Massachusetts General Hospital and from the Mayo 
Clinic 

The earliest report on the relation of the thyroid gland to diabetes 
was read by Dumontpalher 2 of Paris at a meeting of the Societe de 
Biologie in August, 1867 It is of sufficient historic interest in con- 
nection with my paper to deserve a translation 

EXOPHTHALMIC GOITER AND GLYCOSURIA IN THE SAME PATIENT 

A woman, aged 22, complained, according to her family, of chest trouble 
Careful examination, however, demonstrated that the lungs were not seriously 
diseased The patient was very pale and thin, her eyes were abnormally 

*From the Massachusetts General Hospital, Boston, and the Mayo Clinic 

* Presented before the Chicago Society of Internal Medicine, Chicago, 
November, 1920 

1 Muller, F Discussion, Verhandl d Cong f inn Med 23 100, 1906 

2 Dumontpalher Goitre exophthalmique et glycosurie chez la ineme malade, 
Compt rend Soc de biol 4 116, 1867 
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prominent, and her expression was peculiar The thyroid gland was hyper- 
trophied, especially in the right lobe, and the patient complained of marked 
pulsation m her heart The case was undoubtedly one of Basedow’s disease, 
and the condition had* been more marked at an earlier date 

Boulimia and excessive thirst had been persistent for several months The 
presence of diabetes was suspected, and the urine was examined by Dr Hardy 
of Paris who demonstrated the presence of 62 gm glucose to the liter of 
urine The patient could not accurately estimate the volume of urine excreted 
in twenty-four hours, but it was considerable, and at night she was often 
awakened by a desire to urinate 

The prognosis was grave, not on account of the exophthalmic goiter, which 
is a curable disease and one compatible with life, but on account of the gly- 
cosuria which had caused the anemia and great loss of weight 

The patient followed the prescribed treatment for several weeks and showed 
considerable improvement Her strength returned , her urine became less abun- 
dant, and there was no remission of the Basedow’s disease However, she 
caught a severe cold m the winter of 1867 and died of an inflammation of 
the chest 

The existence of these two nervous disorders in the same individual and 
the development of their principal symptoms is recorded for the benefit of 
all medicine 

We should add that the etiology in this case is of no less interest than the 
course of the disease This young girl developed the first symptoms of exoph- 
thalmic goiter a few days after the suppression of her menstruation The 
circumstances were as follows The young woman became overheated at a 
fete, plunged her arms into a basin of cold spring water and sat down on the 
damp grass in the shade The menstruation was stopped by this imprudence 
and never returned 

These words twenty-seven years after Basedow’s 3 original mono- 
graph was published, and seventeen years after Fehhng’s quantitative 
method for sugar determination in urine was described, 4 are the first 
note with regard to this unusual combination of diseases The first 
case which appeared in English literature was that of Lauder Brunton 5 6 
in 1874 Hartmann 0 reported two cases from the Tubingen Clinic 
in 1878 Budde 7 reported two cases in Denmark m 1891, and finally 
Manges 8 of New York, in 1899, recorded the first case m America 
The early papers on this group of cases emphasized the association 
between two uncommon conditions and did not make any serious effort 
to inquire into their possible relationship 

3 Basedow, v C Exophthalmos durch Hypertrophie des Zellgewebes in 
der Augenhohle, Wchnschr f d ges Heilk 6 197, 1840 

4 Fehlmg, H Ueber die quantitative Bestimmung von Zucker und Starke- 
mehl mittelst Kuppervitriol, Ann Chem et Pharm 72 106 1849 

5 Brunton, L Cases of Exophthalmic Goiter, St Barth Hosp Rep 10 * 
255, 1874 

6 Hartmann, C Ueber zwei mit Basedow’scher Krankheit comphzirte 
Falle von Diabetes mellitus, Inaug Diss Tubingen, Fues, 1878 

7 Budde, V Ugesk f Lager 22 1890 Review in Neurol Centralbl 
10 112, 1891 

8 Manges, M A Case of Exophthalmic Goiter with Diabetes Mellitus and 

Pigmentation, Mt Sinai Hosp Rep 2 59, 1899 ^ 
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In 1909 Sattler 9 made a moie elaborate study of the subject He 
collected fifty-six reported cases, thirty-seven of which had been fol- 
lowed for a time sufficient to afford positive information Twenty- 
five of these ended fatally m a comparatively short time , seven patients 
died m coma In the majority of cases the diabetes developed after 
a pre-existent exophthalmic goiter, although in a few the diabetes 
seemed to antedate the thyroid disturbance There seemed to be a 
certain hereditary influence in several so that Sattler commented on 
the frequency with which one or the other disease occurred in various 
members of the same family None received surgical treatment 

Recently, more and more speculation as to the reason for the coin- 
cidence between these diseases has developed Certain observers 
believe that it is purely by chance that the two are found together 
Others argue that since thyroid extract can produce alimentary gly- 
cosuria m various noimal persons and can exaggerate an alimentary 
glycosuria m almost all persons with hyperthyroidism, the relationship 
between diabetes and hyperthyroidism is closei Finally Falta, 10 by 
fathering the school of endocrinologists, stimulated an immense amount 
of clinical and experimental work on the interrelationship of the vari- 
ous ductless glands 

It is not my purpose to attempt to analyze the evidence in favor 
of and against the interdependence of the thyroid, the pancreas and 
the suprarenals in diabetes and hyperthyroidism The fact remains 
that the two diseases occur together at times, whether by chance, or 
because over-activity of the thyroid stimulates metabolism and even- 
tually fatigues the pancreas until diabetes develops in predisposed per- 
sons, or through a physicochemic reaction between the internal secre- 
tions of the thyroid and pancreas 

Suggestions have been made that the peculiar characteristics of the 
thyroid gland may be used for therapeutic purposes m the management 
of diabetes Falta 11 repoited three cases of exophthalmic goiter and 
diabetes in which the patients were treated by roentgen-ray exposure of 
the thyroid gland Two patients derived no apparent effect The 
third patient, who excreted about 15 gm dextrose after a diet con- 
taining 80 gm carbohydrate, appeared to improve after one roentgen- 
ray treatment The urine cleared up and remained sugar-free, even 
when a more liberal diet was eaten , the patient gained weight and the 
symptoms of thyroid tumor and diabetes disappeared so that the man 

9 Sattler Die Basedow’sche Krankheit, Leipzig, Engelmann 1 384, 1909 

10 Falta, W The Ductless Glandular Diseases, Philadelphia, Blakiston, 
1916, pp 674 

11 Falta, W Ueber Glykosurie und Fettstuhle bei Morbus Basedovvn, 
zugleich ein Beitrag zur Rontgentherapie dieser Krankheit, Ztschr f klin Med 
71 1-22, 1910 



308 


ARCHIVES OF INTERNAL MEDICINE 


was considered normal when he was discharged from the hospital 
Crile 12 operated on a man, aged 42, with diabetes whose urinary sugar 
averaged 95 gm each day before operation The left and right cer- 
vical sympathetic nerves were resected, the left suprarenal was removed 
and a partial thyroidectomy performed Four months later the patient 
had gained 9 pounds m weight and was remaining aglycosuric on a 
diet containing 250 gm carbohydrate O’Day 13 treated four patients 
with exophthalmic goiter and diabetes The first was a man, aged 24, 
who was thyroidectomized after preliminary hot water injections into 
the gland substance His recovery was surprisingly rapid and within 
a short time his diet was unrestricted and his urine remained sugar- 
free, even when he ate candy O’Day’s other patients were handled in 
similar manner and recovered a practically normal carbohydrate toler- 
ance Rhodenburg’s 14 two observations are nearly identical He 
described one interesting case in which the father, mother, and one 
maternal aunt were diabetic, the patient himself developing the disease 
at the age of 18 The four members of the family were given thyroid 
extract at intervals which repeatedly ^ caused a marked increase in 
sugar excretion in all Finally, the man in question developed symp- 
toms suggesting exophthalmic goiter and a portion of his thyroid gland 
was removed About six mouths after the opeiation his urine was 
sugar-free, even after three ice cream sodas taken within twelve hours 
Rhodenburg’s second case was that of a woman, aged 53, who devel- 
oped symptoms of excessive thyroid activity in 1915 and diabetes in 
1919 Three months after thyroidectomy she had gained 35 pounds 
and her urine remained sugar- free with an unrestricted diet 

On the whole, so far as may be judged from the literature, a possible 
relationship between hyperthyroidism and diabetes has been recog- 
nized for a long time The combination is relatively uncommon but is 
serious Many theories as to the cause of such intimate association 
between these two diseases of metabolism have been brought forward, 
although at present the evidence is so conflicting as to be inconclusive 
Attempts have been made to treat diabetes through the thyroid gland, 
and a few cases have been reported m which, when the thyroid tumor 
disappeared, either spontaneously, by roentgen-ray exposure, or by oper- 
atne interference, the diabetes improved m striking fashion and possibly 
was cured 

12 Crile, G W The Kinetic Drive, Its Phenomena and Its Control, J A 
M A 65 2129 (Dec 18) 1915 

13 O’Day, J C Carbohydrate Tolerance in Hyperthyroidism, Surg, Gynec 
& Obst 22 206, 1916 Diabetes in Association with Toxic Goiter, New York 
M J 111 815, 1920 

14 Rohdenburg G L Thyroid Diabetes, Endocrinology 4 63, 1920 
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The material presented in this paper consists of thirty-nine hitherto 
unreported cases of diabetes complicated by thyroid disease Thirty- 
three of the patients were observed in the Mayo Clinic and six in the 
Massachusetts General Hospital A number of cases of thyroid dis- 
ease and mild glycosuria were observed in both institutions but were 
excluded from this series on the ground that the relation between 
transitory glycosuria in thyroid disease and true diabetes has not been 
established 

The combination of exophthalmic goitei and diabetes is no more 
common m America than m Europe Billings ir ’ found one case of 
glycosuria in a series of sixty-one cases of exophthalmic goiter m 
Chicago , Greeley 1G found six cases of exophthalmic goiter m 614 cases 
of diabetes at Waukesha, and in the Mayo Clinic records there were 
only nine cases of diabetes among the 1,800 cases of exophthalmic 
goiter which were reviewed for this paper Possibly these two diseases 
occur together more frequently along the eastern sea border than m 
the Middle West, since Thompson 17 reported three cases of diabetes 
among eighty cases of exophthalmic goiter m New York and there were 
four diabetic patients among 315 with exophthalmic goiter and hyper- 
thyroidism at the Massachusetts General Hospitall 

A statistical review of the cases in this series does not add anything 
to Sattler’s work The age, sex and type of cases were much the 
same as his Three of the four nonoperated patients with thyroid 
toxemia whose histones were followed for a reasonable length of time 
died within a few months after the diabetes was first apparent Of 
the twenty-two cases, including hyperthyroidism due to exophthalmic 
goiter and adenoma, only one was known to be diabetic before the 
thyroid symptoms supervened, although m a few, as m Sattler’s series, 
it was impossible to differentiate the symptoms of the two diseases 
An hereditary influence was suggested m two cases, one patient’s 
mother died of diabetes and another patient’s mother and brother died 
of diabetes / 

The main interest m the cases of this series lies in the fact that 
they made it possible to follow the effect of thyroid operations on the 
course of diabetes m a few more cases than had been published 
Only those cases are included for this study which were followed until 
death or long enough to avoid apparent immediate results which were 
not true The material is tabulated in Tables 1, 2, 3 and 4 

15 Billings, F Symposium on Exophthalmic Goiter, J A M A 48 349 
(Jan 26) 1907 

16 Greeley, H P Focal Infections and Their Relation to Diabetes, Wiscon- 
sin M J 14 464, 1915 

17 Thompson, W G Exophthalmic Goiter A Clinical Study of Eighty 
Cases, Tr Assn Am Phys 21 502 1906 
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In Table 1 are tabulated the findings in five cases of diabetes asso- 
ciated with nontoxic thyroid enlargement These cases seem fairly 
representative of ordinary diabetes Thiee patients died in typical 
fashion, one of pulmonary tuberculosis, one after a surgical operation 

TABLE 1 — Nontoxic Thyroid Disease and Diabetes — Nonoperated Cases 


Case 

Age, 

Sex 

Dura 
tion of 
Goiter 
Symp 
toms 

Dura- 
tion of 
| Diabetic 
Symp 
toms 

Glycosuria 

Mn\! 

mum 

Weight, 

Pounds 

Present 

Weight, 

Pounds 

Date 

Remarks 

Per 

Cent 

24 Hr 
Amount 
Sugar, 
Gm 

1 

51, M 


18 mos 

GO 

224 

220 

102 

1/ 5/10 
1/31/14 

Died of diabetes 

2 

32, F 

10 yrs 

2 mos 

GO 

102 

100 

93 


Losing Height and 
strength rapidly despite 
treatment* 

3 

07, P 

Since a 
girl 


3 5 
70 

* 



10/ 7/14 

Died shortly after opera 
tion for enneer of the 
uterus 

4 

49, F 

35 jrs 



36 

none 

170 

170 

161 

0/15/18 

8 / 2/20 

B M R —17 

BMB-9 has been diet 
ing carefuilj since last 
entrj 

5 

47, M 

13 yrs 

4 yrs 

I 

450 

' 


■ 

Death, necropsy shotted 
pulmonary tuberculosis 


* Patient died June C, 1918 


TABLE 2 — Nontoxic Th\roid Disease and Diabetes — Operated C\ses 


Case, 

Age 

Sex 

Dura 
tion of 
Goiter 
Symp 
toms 

Dura- 
tion of 
Diabetic 
Symp 
toms 

Glycosuria 

Maxi 

mum 

Weight, 

Pounds 

Present 

Weight, 

Pounds 

Date 

Remnrks 

Per 

Oent 

24 Hr 
Amount 
Sugar, 
Gm 

1 

57, F 

Since a 
child 

Not re 
corded 

4 0 

80 

159 

115 

8/25/19 

9/12/19 

3/22/20 

1 

Partlnl thjroidcctomy 
Living on strict diet, 
keeps sugar free except 
for trace occasionally 

2 

53, F 

32 yrs 

8 mos 





HI 

Partial thyroidcctomj 
Feels fairly well, dia 
betes unimproved 

3 

55. F 

26 yrs 

Not re 
corded 

70 

12 

84 

100 

152 

150 

5/ 5/15 
8/ 8/15 
3/15/20 

Partial thyroidcctomj 

Is restricting diet to best 
of ability, diabetes un 
improved 

4 

54, F 

30 yrs 

6 mos 

1 

20 

45 

32 

44 

199 


7/22/19 

8/13/10 

3/18/20 

Partial thjroidcctomy 
Diabetes unlinproj cd 


on the uterus, and one, a man, aged 51, after six years' illness One 
woman, (Case 2), aged 32, had a rather acute diabetes but there was 
no evidence for believing that the thyroid enlargement accelerated its 
course Case 4 is the most interesting of this group The patient had 
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diabetes with moderate hypothyroidism The diminished metabolism 
did not increase the sugar tolerance because it was no lower when 
the metabolic rate was more nearly normal These cases suggest that 
nontoxic thyroid disease does not affect diabetes 

In Table 2 are tabulated the findings in four cases similar to those 
described in Table 1 The patients were all elderly persons with mild 
diabetes The}'- had had partial thyroidectomies without cure of the 
diabetes, nor was it obviously affected These cases, therefore, sug- 
gest that thyroidectomy alone is a valueless therapeutic measure in 
diabetes 


TABLE 3 — Toxic Thyroid Disease and Diabetes — Nonoperated Cyses 


Case, 

Age, 

Set 

Type 

of 

Goiter 

Dura- 
tion of 
Goiter 
Symp 
toms 

Dura- 
tion of 
Diabetic 
Symp- 
toms 

Glycosuria 

Maxi- 

mum 

Weight, 

Pounds 

Present 

Weight 

Pounds 



Per 

Cent 

24 Hr 
Amount 
Sugar, 
Gm 

Date 

Remarks 

1 

40 F 

Fvopli 

tlinlmic 

8 mos 

2 3 mos 

4 0 


115 

! 



Died sudden]} ne 
eropsy showed per 
sistent thymus 

2 

io"f 

Fxopli 

thnlnuc 

1 

Not 

present 

Not 

present 

4 mos 

— 

450 

~ 

129 

123 

87 

1/ 1/09 

4/20/11 

10/ 8/12 

Feeling fairly well, 
still has evophthnl 
mic goiter 
Developed acute din 
betes, running 
down lull rapidly 
end result unknown 

3 

30 F 

j F\oph 
| thalmic 

7 jrs 

i 

2 mos 

! 

30 

1G1 

— 



7/ 9/14 
9/29/15 

Died of diabetes 


In Table 3 are tabulated data from three cases of exophthalmic 
goiter complicated by diabetes, m which operations were not performed 
This material is small but noteworthy The three goiter cases are not 
unlike Dumontpallier’s original case in the rapidity of their course 
Case 2 is especially interesting since the patient did not develop diabetes 
until she had had a goiter for at least two years Finally, the diabetes 
became extremely acute These cases suggest that patients with exoph- 
thalmic goiter, because of their high metabolism, burn themselves up 
quickly if diabetes develops, although more detailed information on 
the relation of the metabolic rate to prognosis of the diabetes in the 
various types of goiter is highly desirable In any event these cases 
of true exophthalmic goiter accompanied by diabetes emphasize the 
gravity of the condition 

Table 4 represents the results in nine cases of exophthalmic goiter 
and toxic adenoma in which operation was performed These cases 
are all interesting individually In Case 1 the patient did not have 
diabetes until after the thyroid vessels had been ligated Although 



























TABLE 4 — Toxic Thyroid Disease and Diabetes — Operated C\ses 


Case, 

Age, 

Sex 

Type 

of 

Goiter 

Dura- 
tion of 
Goiter 
Symp 
toms 

Dura 
tion of 
Diabetic 
Symp 
toms 

Glycosuria 

Maxi 

mum 

Weight 

Pounds 

Present 

Weight, 

Pounds 

Date 

Operation and 
Remarks 

Per 

Cent 

24-Hr 

Amount 

Sugar, 

Gm 

1 

41, M 

Exoph 

thalmic 

2 yrs 

Not 

present 

Acute 

onset 

90 

180 

175 

142 

116 

0/15/16 
7/ 5/10 
7/10/16 
7/14/16 
9/ 9/16 

1/ 2/17 

Hot Hater injection 
Digation of tlijroid 
J essels 

At first improve 
ment after opera 
tion, then rapid 
downward course 
Death 

2 

33, M 

Txoph 
th ilmic 

3 mos 

Not re- 
corded 

No 

symp 

toms 

3 mos 

Trace 

2 0 

None 

30 

Trace 

None 

54 

130 

115 

119 

115 

124 

101 

10/12/15 

10/16/13 

10/21/15 

12/14/15 

9/ S/10 
10/ 4/16 

6/29/18 

Dig ition of thjroid 
j essels 

Right lobe and isth 
mus extirpated 
Dieting strictly 

Had tno roentgen 
r ly treatments 
Losing rapidlj 

3 

37, P 

Fxoph 

thalmic 

9 jrs 

3 mos 

2 5 

100 

140 

95 

10/ 0/14 
11/19/14 

11/24/14 

11/27/14 

Ligation of thjroid 
a essel 

Right lobe, isthmus 
and part of left 
lobe extirpated 
Death 

4 

47, F 

Exoph 

thalmic 

1 5 J1S 

Not re 
corded 

20 

37 

165 

122 

1/30/14 

2/12/14 

2/17/14 

2/12/19 

12/22/19 

Ligation of tlnroul 
vessels 

Right lobe, isthmus 
and % left lobe ex 
tirpated 

Dieting, sugar now 
m urine even dnj 

Died of diabetes and 
pneumonia 

5 

44, M 

Exoph 

thalmic 

8 mos 

1 yr 

1 4 

1 0 

12 

170 

170 

177 

1/15/15 

1/22/15 
1/29/15 
5/ S/15 
5/14/15 

3/15/20 

On strict diabetic 
diet 

Ligation of thyroid 
vessels 

Patient returned 
Extirpation of right 
lobe and isthmus 
Urine has no sugar, 
patient not dieting 

6 

57, F 

Adenoma 

7 yrs 

1 yr 

40 

72 

170 

130 

145 

152 

5/ 7/18 
6/14/18 

3/20/20 

11/19/20 

Partial tlijroidec 
tomy 

Not dieting, feeling 
well, no glycosuria 
Not dieting, feeling 
jjell, trace of sugar 

7 

53, P 

Adenoma 

40 yrs 

6 jrs 

40 

80 

180 

154 

105 

10/12/17 

11/20/17 

3/20/20 

Partial thjroidec 
tomy 

Not dieting, feeling 
nell, no gljcosuna 

8 

53, P 

Adenoma 

Years 

1 5 yrs 

4 0 

SO 

HO 

140 

3/ 8/16 
5/20/16 
6/ 4/19 
11/16/20 

Partial tlijroidec 
tomy* 

Tonsillectomy 

Has regained jj eight 
and strength, urine 
sugar free except 
when she oj ereats 
of starchy foods 

9 

58, F 

Adenoma 

40 jrs 

9 jrs 

30 

30 

ICO 

136 

9/ 5/19 
10/ 1/19 

10/ 5/19 

Partial thjroidec 
tomy 

Died of broncho 
pneumonia 


* I am obliged to Dr George Kessel of Cresco, I ohm, nho performed the operations 
quoted in this case and who has given me the subsequent information 
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the patient improved subjectively, the operation did not prevent the 
development of diabetes and the patient died after a short course In 
Case 2, the patient had a trace of sugar on first observation, but no 
diabetic symptoms However, Ins mother and one brother died of 
diabetes, so possibly theie was an mhented tendency toward the disease 
The treatment consisted in ligation of the thyroid vessels, partial 
thyioidectomy, strict diet, and loentgen-ray exposuie of the thyroid 
remnant Such thorough treatment did not affect the course of the 
diabetes In Case 3 the patient, a woman, died immediately after 
operation In Case 4, the patient had a ligation of the thyioid vessels, 
the light lobe, isthmus and five-sixths of the left lobe of the thyroid 
were extirpated Moreover, the patient dieted stnctly In spite of 
this treatment she was still a diabetic when she died, although she lived 
for nearly six years after she was first examined and did not develop 
acute diabetes as in the other cases In Case 5 the patient had the 
mildest type of diabetes of the series He improved after operation 
and had no sugar on an unrestricted diet five years after he was first 

examined This patient was a tiue diabetic and had been under treat- 

ment before he developed exophthalmic goiter The superimposed 
thyroid toxemia did not seem to affect the diabetes especially, there- 
fore, it is difficult to be convinced that the thyroid operation was the 
only cause of the apparent improvement m the diabetes Cases 6, 7 

and 8 are more suggestive of the cases described by O’Day and 

Rohdenburg The patients had toxic adenoma and partial thyroidec- 
tomy on this account The patient in Case 6 had gained 22 pounds 
two and one half years after operation, was feeling well, was not diet- 
ing, and the urine contained only a trace of sugar The patient m 
Case 7 had almost an identical result from the operation Two and 
one-half yeais later she had gamed back twenty-two pounds of weight 
and was feeling well The patient in Case 8, four and one half years 
after operation, was reported to have regained hei weight and stiength 
and to be aglycosunc most of the tune The patient m Case 9 
developed bronchopneumonia after partial thyroidectomy and died 

On the whole, the results of operation on the thyroid gland of 
diabetic patients with hyperthyroidism m this small number of cases 
were not particularly encouraging However, Cases 4, 5, 6 and 7 
suggest that occasionally an operation may not only prolong life but 
may even be of greater benefit 

The series is too small to afford conclusive evidence with regard to 
the advisability of operation in this type of case However five patients 
with nontoxic goiter were operated on with no mortality, six with toxic 
adenoma with one death, and six with exophthalmic goiter with one 
death Therefore, it does not seem overradical to advise operation for 
properly selected and prepared patients m this group of cases, since 
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the risk does not seem out of proportion to the possible benefit to be 
gamed, and since the prognosis is otherwise very grave 

Obviously my observations are too fragmentary to warrant any 
definite conclusions and I can only draw attention to certain features 
with regai d to the relationship between thyroid disease and diabetes 

Hyperthyroidism and diabetes occur together in the same person m 
a small number of cases There is no established evidence that such 
coincidence is more than chance 

The diabetes usually follows the thyroid disturbance, but may pre- 
cede it, and tends to parallel in seventy the severity of the thyroid 
intoxication 

There is no reason for assuming that partial thyroidectomy alone 
has any curative effect on diabetes as the patients in this series with 
nontoxic goiter who were operated on showed no improvement of the 
diabetes 

Certain patients with toxic thyroid disease and diabetes, on the 
othei hand, improve to a considerable degree after the thyroid symp- 
toms are checked This probably occurs because of a change in the 
rate of metabolism and not because a portion of the thyroid gland has 
been made functionless Before this supposition can be established 
more accurate information must be obtained with legard to the effect 
of an increased rate of total metabolism fiom thyioid intoxication on 
the carbohydrate metabolism of diabetics 



THE OCCURRENCE OF ABNORMAL LEUKOCYTES 
IN THE BLOOD IN ACUTE INFECTIONS 


ACUTE BENIGN LYMPHOBLASTOSIS 

W A BLOEDORN, MD 
Lieutenant-Commander (M C), U S Navy 

AND 

J E HOUGHTON, MD 
Lieutenant (M C), U S Navy 

ANNAPOLIS, MD 

During the past year we have had several acute infectious cases, 
running a febrile course, usually mild and all ending m recovery, but in 
which the blood picture gave rise to considerable apprehension, at the 
time, as to the ultimate outcome 

The appearance m the blood of cells indistinguishable from those 
found m acute leukemia, together with enlargement of the lymph nodes 
and sometimes enlargement of the spleen, with a moderate fever, and 
absence of definite signs pointing to other disease entity, is a clinical 
picture that might easily give rise to a grave prognosis 

An excessive proportion of lymphocytes, a reversal of the poly- 
morphonuclear lymphocyte relation, is not infrequently seen in the 
normal blood of children, and occasionally in adults under pathologic 
conditions other than lymphatic leukemia A lymphocytosis is also 
noted m some cases following the administration of certain therapeutic 
agents In early childhood is found the most marked increase, due to 
congenital syphilis, cholera infantum, rickets, scurvy and pertussis In 
adult life, hemophilia, cervical adenitis, enlarged tonsils, chlorosis, 
pellagra, exophthalmic goiter, varicella, mumps, secondary anemia asso- 
ciated with syphilis, tuberculosis and malaria frequently show an exces- 
sive percentage of lymphocytes in the blood This condition is also 
noted at times following the administration of therapeutic doses of 
thyroid 'extract, tuberculin, pilocarpm, and qumin hydrochlorate sub- 
cutaneously 

However, the cases presented m this series have a different aspect 
and clinical picture from the type of cases noted above They also 
present a different picture from that found m acute leukemia, and while 
each new case may give rise to grave doubts as to prognosis, a careful 
investigation and study of the history and findings will usually serve to 
distinguish this type of case from true leukemia 


* From the Division of Clinical Medicine of the U S Naval Hospital. 
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Whether or not these cases represent a distinct disease entity may, 
perhaps, be questioned, but the term “acute benign lymphoblastosis” is 
suggested as covering the essential features of this disease 

The symptoms, physical findings and course of the disease, in them- 
selves, are not alaiming, but when viewed in conjunction with the blood 
findings the case presents a rather distinct and often startling picture 



Composite blood picture drawn to show type of lymphoblast encountered 
m “acute benign lymphoblastosis ” 1 and 2, large and small lymphocyte com- 

monly seen, in normal blood, 3, large mononuclear cell (endotheliocyte) , 4, 
polymorphonuclear neutrophil, 5, 6, 7, 8 and 9, types of lymphoblasts encoun- 
tered in “acute benign lymphoblastosis,” rarely seen m normal blood, 10, 
R'ec'er type of lymphoblast 


RErORT OF CASES 

Casi 1 — White male , aged 19 , unmarried 

Complaint — Cough, general malaise soreness in upper respiratory passages 
Family Histoiv — Wgatne 
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Pcisotia! Histoiy — Smallpox; and measles in childhood, influenza in 1918, 
duration two weeks, good recovery, occasional attacks of tonsillitis during 
past five years 

Picscnt Illness — The patient had been feeling badly for about one week 
prior to admission to hospital He had headaches, slight cough and lassitude 

Physical Examination — On admission, temperature, 1038 F, pulse, 104, 
respiration 22 The patient was well nourished, with a fair amount of sub- 
cutaneous fat The color of the skin and mucous membranes was good , no 
petechiae Glands in neck, anterior, posterior and submaxillary, were enlarged, 
as were those m the axillae and groins They were discrete and mobile Those 
in the groin were particularly prominent, filling Scarpa’s triangle and extend- 
ing upward along Poupart’s ligament nearly to the anterior superior spine 
Pupils were equal and reacted to light and accommodation Tongue thick, red 
and somewhat velvety Tonsils were large and there was some angina, pharynx 
moderately congested , teeth extensively filled, but otherwise good There was 
a faint systolic murmur at left second inte'rspace, otherwise heart was negative 
Lungs showed a few scattered rales, inconstant m distribution 


TABLE 1 — Broon Chart of Case 1 
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Abdomen appeared to be full and tense , liver not enlarged , spleen not 
palpable but appeared enlarged to percussion, no tenderness, no tumors Bones 
of limbs showed no swelling or tender areas Reflexes, both superficial and 
deep, were normal Eve grounds negative 

Laboiatoiy Data — Urine showed a trace of albumin and an occasional hyalin 
cast Sputum showed no tubercle bacilli Numerous streptococci, fusiform 
bacilli and spirillae were present in sputum Throat cultures negative for 
Klebs-Loeffler bacilli Smears from the throat showed the presence of Vincent’s 
organisms during the acute stage of the disease The blood was negative for 
malarial parasites and repeated blood cultures during the course of the dis- 
ease were negative The Noguchi reaction was negative The Widal test was 
negative Stools normal and negative for ova or parasites The coagulation 
time of the blood was four minutes The complete record of the blood exam- 
inations is shown in Table 1 

The character of the hlood picture and the type of cell present were fairlj 
constant in all the cases nrd will be described later in the report 
























































BLOEDORN-HOUGHTON— ABNORMAL LEUKOCYTES 319 


Cluneal Coil) sc — Patient continued to run a febrile course, temperature 
varying from 99 F m the morning to 102 F m the evening during the first 
week During the second week the temperature gradually approximated nor- 
mal and the patient was up and about at the end of the second week The 
type of temperature chart in all these cases was very similar and usually 
after running a more or less continuous course for three or four days the 
fever became remittant, gradually approaching normal but with the tendency 
to slight evening rise during the second week A section of the temperature 
chart m Case 1 is reproduced as being fairly characteristic of this disease 
On the fifth day, the patient developed a superficial ulcer about the right nares 
which healed after ten days The glandular enlargement gradually subsided 
Six weeks following admission, the glands were still slightly enlarged but 
discrete and mobile The increase in the lymphocytic cells persisted for 
several weeks after the temperature was normal and after the patient was 
free from all symptoms Recovery was uneventful and patient has been pur- 
suing his usual duties since discharge from hospital 

Cvse 2 — White male, aged 20, unmarried 

Complaint — Sore throat, swelling of glands of neck, and general malaise 

Family Histoiy — Negative 

Personal Histoiy — Measles, whooping cough and chickenpox in childhood 
Occasional attacks of tonsillitis for past three years 

TABLE 2 — Blood Chart of Case 2 
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Piescnt Illness — Patient has had headaches and throat has been sore for 
about one week During this period he noticed swelling in glands of neck, 
which gradually increased up to the time of his admission to hospital 

Physical Examination — On admission, temperature, 99 F , pulse, 82, res- 
piration, 20 Patient was well nourished and muscular The color of the skm 
and mucous membranes was normal There were no hemorrhagic areas The 
glands of the neck, anterior, posterior and submaxillary, were greatly enlarged, 
so that the patient had difficulty in wearing collar There was practically no 
tenderness and glands were not adherent or matted together The glands in 
the groins and axillae were slightly enlarged The epitrochlears were not 
palpable Pupils were equal and reacted normally Tonsils were hypertrophied 
and rather marked angina was present There was a small ulcer over left 
tonsil covered with a grayish exudate Teeth negative Reflexes, both super- 
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ficial and deep, were normal Lungs were clear and heart negative Spleen 
not palpable and not enlarged to percussion 

Laboiatoiy Data — Throat cultures were negative for Klebs-Loeffler bacilli 
Roentgenogram of chest showed hila shadows somewhat enlarged more so on 
the right, bronchial trunks slightly more prominent than normal No evi- 
dence of tuberculosis -Urinalysis negative Smears from throat showed the 
presence of the organism of Vincent’s angina Blood negative for malarial 
parasites and blood cultures taken at various times during the course of the 
d'sease were negatne Stools negative for ova or parasites The complete 
record of the blood examinations is shown in Table 2 

Clinical Coiuse — Patient ran a mild febrile course with tendency to eve- 
ning elevation to 99 6 F The angina gradually subsided and the glandular 
enlargement slowlv disappeared At the end of the twelfth da> temperature 
remained normal and patient was up and about Recovery was uneventful 
Two months following discharge the glands of neck were still palpable but 
there was no visible enlargement of the neck Glands of the groins and 
axillae normal The blood picture in this case, as in the others of this series, 
showed a tendency to return to normal more slowly than the temperature, 
and abnormal cells could be found in the smears after patient was clinically 
well The marked enlargement of the cervical lymph glands in this case raised 
the question of Hodgkin’s disease, which, however, could be definitely ruled 


TABLE 3 — Blood Chart or Casr 3 
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out by the character of the enlargement, the blood picture and the elm cal 
course Since discharge from hospital patient has been pursuing his usual 
duties and feels entirely well 

Case 3 — White male, aged 20, unmarried v 
Complaint — Sore throat, headaches and general malaise 
Family Histoiy — Negative 

Peisonal Histoiy — Mumps and tonsillitis in childhood, influenza in 1917, 
incapacitated one week, good recovery, furunculosis m 1918, duration ten days, 
no recurrence since, otitis media m October, 1920, which subsided in one week 
Piesent Illness — Began rather suddenly with sore throat, loss of appetite, 
and feeling of lassitude These symptoms gradually became more marked up 
to time patient was admitted to hospital 

Physical Examination —On admission, temperature, 103 4 F, pulse, 96, 
respiration 22 Patient was well nourished and muscular Skin and mucous 
membranes normal No hemorrhagic areas Glands in neck, both anterior 
and posterior slightly enlarged and tender Glands of axillae and groin not 
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enlarged Tonsils hj pertroplned and covered with follicular exudate Pupils 
are equal and react normally Heart and lungs negative Abdomen slighth 
distended, no tender areas, no evidence of tumors Spleen not palpable but 
enlarged to percussion Liver not enlarged Reflexes, both superficial and deep, 
are normal Eye grounds negative 

Laboiatoiy Data — Throat cultures negatne for Klebs-Loeffler bacilli 
Smears from throat show presence of organisms of Vincent’s angina Blood 
was negative for malarial parasites and blood cultures all negative The 
Noguchi reaction was negative Stools normal and negatne for ova and 
parasites The sputum was negative for tubercle bacilli Urine showed slight 
traces of albumin, otherwise negative The complete record of the blood 
examinations is shown in Table 3 

Clinical Course — Patient ran a continuous temperature for four days, fol- 
lowing which the temperature became remittent, being normal m the morning 
and approximating 100 F in the evening At the end of the thirteenth day, 
the temperature remained normal, and the patient felt entirely well The 
angina gradually subsided but the glandular enlargement of the neck per- 
sisted for several weeks Recovery was uneventful, and the patient has been 
pursuing his usual duties since discharge from hospital and feels entirely well 


TABLE 4 — Blood Chart of Cast 4 
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Casf 4 — White male, aged 19, unmarried 

Complaint — Headache, general malaise and acute coryza 

Family Histoiy — Negative 

Pcisonal Hist oiv — Measles and mumps in childhood, acute enteritis in 
December, 1919, good recovery 

Picscnt Illness — About four days prior to admission patient had been hav- 
ing rather severe headaches and coryza, which gradually increased in intensity 
up to time of admission to hospital 

Physical Examination — On admission, temperature, 1006 F , pulse, 84, 
respiration, 20 Patient was well nourished and showed no evidence of recent 
loss of weight Color of skin and mucous membranes was normal and there 
were no hemorrhagic spots Glands of neck showed slight enlargement but no 
tenderness , glands of groins and axillae not enlarged Pupils are equal and 
react normally Reflexes, both superficial and deep, are normal Lungs show 
a few scattered rales more marked at both bases Patient has an acute coryza 
with a rather free mucopurulent discharge from the nose Heart negative, 
abdomen slightly distended and somewhat tender in lower left quadrant There 
was endence of accumulation of feces in sigmoid and descending co’o i soles', 
was not palpable , liver not enlarged 
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Laboiatoiy Data — Cultures from throat were negative for Klebs-Loeffler 
bacilli Blood negative for malarial parasites and blood cultures all negative 
Stools show no ova or parasites Sputum negative for tubercle bacilli Urine 
negative Roentgenogram of chest entirely negative The complete record of 
blood examinations is shown in Table 4 

Clinical Couise — Patient ran a continuous temperature for five days follow- ' 
ing which temperature became remittent and remained normal after ninth day. 
The abdominal tenderness disappeared following a copious enema The blood 
picture gradually approximated normal and one month following discharge 
no abnormal cells were found Recovery was uneventful and patient has been 
pursuing his usual duties since discharge from hospital and feels entirely well. 

v DISCUSSION 

The blood picture is essentially the same in all of these cases, the 
leukocytosis, when present, seemed to be due to an increase in the 
lymphadenoid cells These pathologic lymphocytes differ from the cells 
seen in lymphatic leukemia, in that they do not show the poor staining 
reaction of the cytoplasm and nucleus seen in that condition No degen- 
erated cells were observed in this series such as are frequently found 
in the acute leukemias The heavy staining nuclei of the lymphoblast 
m this disease may be placed centrally or eccentrically , it is often round, 
oval, or irregular in outline, showing deep indentations and occasionally 
showing the clover-leaf or bilobed Rieder type nucleus Occasionally, 
azure granules were noted in the cytoplasm and vacuoles in the dark 
opaque blue were not infrequently noted None of these cells showed 
an oxidase ferment, thus differing from those of myelocytic origin 
They are evidently the result of stimulation of lymphadenoid tissue 
rather than of bone marrow 

In this group we find cells of a distinctly pathologic type correspond- 
ing to the germinal center type of lymphoblast Every gradation in 
size, from small lymphocytes corresponding m size to the red cell, to a 
type of cell distinctly larger than the mononuclear-transitional variety, 
often three times the diameter of the red cells, were noted No effort 
is made to differentiate between the large and small cells in making the 
differential count, as such attempt would be futile 

The small lymphocyte, as a rule, stained normally with Wright’s 
and Wilson’s stam, but the majority of cells making up this group con- 
sist of large lymphadenoid cells with a protoplasm so darkly stained that 
it is at first difficult to distinguish them from myelocytes Indeed, m 
some cases when hints of a granular appearance are noted in the darkl} 
stained cytoplasm, we find it impossible to be sure whether we are 
dealing with a large lymphocyte or a myelocyte, except by special 
staining methods 

These cells have been described by Engel as “mononuclear cells”' 
and by Weil as “nongranular myelocytes ” Weil describes the salient 
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points of these cells as follows “They look like a myelocyte whose 
granules have fused into a smooth homogeneous band of color around 
the spherical or ovoid nucleus The protoplasm is homogeneous and 
deeply stained In leukemia they are often counted as myelo- 

cytes or large lymphocytes by unpracticed observers” Turck has 
described them under the name “Reizungsformen,” and Cabot has found 
them m the blood of malignant disease and pernicious anemia We 
have observed them under similar pathological conditions The differ- 
ential diagnosis between the endothelial leukocytes, 1 e , the mononu- 
clear transitional type, and the large lymphoblast, is not difficult The 
smears do not show the rich violet staining pachychromatic nucleus and 
the protoplasm gives a distinctly washed out, frosted-glass appearance 
in contrast to the deeply stained lymphoblast Peroxidase granules are 
never present in lymphoblasts while a few are always present in 
endothehocytes 

We have found the more satisfactory and uniform method of stain- 
ing slide preparations to be that devised by Russell , 1 e , immersing the 
slide for one minute in Wilson’s or Wright’s stain in Coplm jars to fix 
the film and then three to five minutes in another jar of distilled water 
containing enough of the stam to tinge the water, usually about five 
drops The Hasting’s counterstain is omitted 

Goodpasture’s stain for differentiating myeloblasts from lympho- 
blasts is satisfactory and of considerable aid in making the differential 
count in these preparations It gives a clear differentiation between the 
granular and nongranular leukocytes The differential count is made 
from a polychrome-methylene blue stam and the Goodpasture stain, 
allowing for the eosinophils which are undifferentiated by the latter m 
the total averages 

There still exists considerable confusion regarding the classification 
of abnormal leukocytes and various hematologists have established a 
division of their own which m some cases is inclined to be cumbersome 
It appears to us not desirable to attempt to subdivide these lymphatic 
cells The term lymphoblast is considered preferable to mononuclear 
leukocyte in describing these cells, as they are nongranular and are 
apparently of lymphadenoid tissue origin 

Stitt’s classification of pathologic leukocytes is considered to be most 
practical in classifying these cells He describes this type of cell under 
the heading of pathologic large lymphocytes' as follows “These are, as 
a rule, much larger than normal large lymphocytes and show poorer 
staining of both nucleus and cytoplasm The nuclei often show the 
appearance of division into two or more lobes, thus showing the char- 
acteristics of Rieder cells They may be confused with large mononu- 
clears but are considered to be derived from the germinal centers of 
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\anous lymphoid tissues They are found m leukemic and pseudo- 
leukemic conditions They never show peroxidase granules This 
characteristic, together with sharper outlining of the nucleus, differen- 
tiates the pathological lymphocytes (lymphoblasts) from myeloblasts ” 

These cases all occurred m young adults , each ran a febrile course 
and each showed enlargement of the lymphatic glands, which, m three 
of four cases, was quite marked Enlargement of the spleen was noted 
m two of the cases The type of temperature which appears to be 
characteristic has been commented on already The frequency of 
angina is noteworthy m these cases, particularly the presence of the 
organisms of Vincent’s angina noted in three of the cases However, 
we had se\ eral cases of Vincent’s angina m which the blood smears 
showed no lymphoblasts, so that it is quite evident that this is not the 
common finding with a Vincent’s infection The possibility that the 
infection gams entrance through the upper lespiratory tract and par- 
ticularly hy way of the tonsils appears to be a reasonable hypothesis 
There was no evidence of tuberculosis, lymphosarcoma, or Hodgkin’s 
disease m this series 

The differentiation of this type of case from acute lymphatic leuke- 
mia may be particularly difficult The absence of degeneiated and 
fragile cells in the blood smears, the early return of the temperature 
to normal, the mild course, the absence of hemorrhagic spots and the 
absence of particularly high leukocyte counts are distinguishing features 
Nevertheless the resemblance to leukemia has been so striking m some 
of the cases that eminent hematologists have considered it impossible 
to differentiate this condition on the blood smears alone 

It would appear that the reaction noted m these cases was due to 
some infectious agent gaming entrance through the upper respiratory 
passages and resulting m a stimulation of the lymphadenoid tissues 
with the production of these abnormal cells which, however, disappear 
m the course of a few weeks or months, leaving the patient m a practic- 
ally normal condition 

Sprunt and Evans, of Johns Hopkins Hospital, report six cases 
which resemble our series very closely They have used the term 
“infectious mononucleosis” m describing this type of case, and they 
comment upon the marked similarity of these cases to acute leukemia 
All of their cases recovered and all ran a comparatively mild course 

Stitt, m referring to lymphoid pseudoleukemia, states “it is difficult 
to differentiate this condition from true lymphatic leukemia when 
aleukemic The white count varies from 5,000 to 10,000 with about 75 
per cent of lymphocytes The spleen is enlarged as well as the lymph- 
nodes and there is a tendency to hemorrhage m the later stages ” How- 
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evei, m out series of cases, there was no tendency to hemorrhage, the 
leukocyte count m three of the four cases was much higher than 10,000 
and the type of cell is distinctly different from that found m lymphoid 
pseudoleukemia 

The findings in these cases may be summarized as follows 

1 The disease occurred in young adults and as a rule followed an 
infection of the tonsils or upper respiratory passages 

2 Three of the four cases showed the presence of the organisms of 
Vincent’s angina m throat smears during the acute course of the 
disease 

3 The blood picture m this type of case bears great similarity to 
that of acute lymphatic leukemia However, the total white count never 
became so large that it could not be accounted for as the result of 
reaction to acute infection, there was no hemorrhagic tendency and no 
degenerated or fragile cells were noted in the smears 

4 The predominating type of cell was the lymphoblast and the 
Rieder type of lymphoblast was frequently noted 

5 All of these cases showed enlargement of the lymphatic glands, 
particularly the cervical and submaxillary glands 

6 They all pursued a benign course and ended m complete recovery 

7 The term “acute benign lymphoblastosis” is suggested as covering 
this type of case 
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FOCAL INFECTION AND SELECTIVE LOCALIZATION 
OF STREPTOCOCCI IN PYELONEPHRITIS ^ 


STUDY 1 

H C BUMPUS, Jr, MD, and J G MEISSER, DDS 

ROCHESTER, MINN 

In most nonspecific urinary infections, either in the bladder or in 
the kidney, a gram-negative motile bacillus, believed to be the colon 
bacillus, is generally the predominating organism in the urme Natur- 
ally, investigation and treatment have been directed against this organ- 
ism, and patients with pyelonephritis are not considered cured until 
specimens cathetenzed from each kidney are found to be free from 
both bacteria and pus 

Recently, investigators have centered their attention on this organ- 
ism During the chill incident to the removal of residual urine m 
prostatic cases, colon bacilli have been recovered from the blood in as 
high as 40 per cent of cases 1 

Plelmholz and Beeler have attempted to produce pyelonephritis 
experimentally m rabbits by the intravenous injection of colon bacilli 
obtained from human cases, but only eight of sixty-six animals injected 
had lesions in the kidney , twenty-one had lesions in other organs 2 
However, during the course of the work, while the urme of the animals 
was being controlled prior to injection, a rabbit with pyelonephritis was 
discovered Cultures from this source injected into thirty-two rabbits 
produced lesions of the kidney in twenty-five, and m three only were 
other organs involved 3 

These findings, together with the work of Brown, 4 Cunningham 3 
and others, who obtained the tuberculosis bacillus from the urme of 
patients with pulmonary tuberculosis but with no complications, and the 
well known fact that the urme of typhoid patients contains the typhoid 
bacillus, show clearly that bacteria may penetrate the normal kidney 

* Presented before a joint meeting of the Medical and Dental Societies of 
Western Michigan, Grand Rapids, Mich, October, 1920 
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If lesions develop, special conditions, such as the peculiar infecting or 
localizing power of the bacteria, may be the determining factor Thus 
Rosenow 0 has shown that following the intravenous injection of 220 
different strains of streptococci, all from sources other than urinary 
infections, into 883 animals, only 9 per cent showed lesions m the 
kidneys, whereas the localization into similar tissue or organs from 
which the strains were isolated occurred m a far higher percentage of 
animals The tendency to localize selectively was so marked m some 
instances that only the specific organism could be recovered from the 
lesions even when mixtures of bacteria weie injected, a selective action 
that Forssnei 6 7 8 has shown can be produced artificially, for he found that 
bacteria when grown in kidneys or kidney extracts tend to localize m 
kidney tissue on animal inoculation This phenomenon possibly explains 
the selective affinity of the strain of bacteria recovered from the rabbit 
with pyelitis, illustrating that the specificity might have been acquired 
and that the colon bacillus may not have been the original infecting 
agent 

Magoun s has shown that bacteria, like certain chemical substances, 
such as sodium bromid, are capable of being absorbed through the renal 
pelvis and recoveied from the blood stream Therefore, obtaining 
positive cultures of the colon bacillus in febrile reactions in urinary 
infections, although it proves that this bacillus is the cause of the 
patient’s chill, does not prove that the source of the organism was not in 
the urinary tract In fact, these febrile reactions occur so commonly 
following various manipulations m the urinary tract, such as the 
removal of residual urine, that the occurrence of the colon bacillus in 
the blood can well be attributed to absorption from the renal pelvis 

Rosenow’s work on the elective localization of streptococci has sug- 
gested the possibility that oral sepsis, which often occurs in cases of 
pyelonephritis, may be the focus of infection for bacteria having select- 
ive affinity for the urinary tract Moreover, cases of pyelonephritis 
have not been considered well treated unless possible oral foci were 
lemoved, but that they might be the source of a disease m which the 
colon bacillus seemed to be the predominating organism is hard to 
explain because of the low incidence of colon bacilli m oral foci of 
infection However, the removal of foci and local treatment of the 
urinary tract, such as lavage, seemed to be rational therapy But the 

6 Rosenow, E C Elective Localization of Streptococci, J A M A 65 
1687 (Nov 13) 1915 

7 Forssner, G Renale Lokalisation nach mtravenose Injektionen mit einer 
dem Nierengewebe experimented angepassten Streptokokkenkultur Nord med 
Arkiv 35 1, 1902 

8 Magoun, J A H, Jr The Passage of Bacteria from the Urinarj Tract 
into the Blood Stream, T Urol 4 379 1920 
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many patients with pyelonephritis who return to clinics year after year 
for treatment by kidney lavage suggest that the treatment has been 
directed against the outcome, not against the cause of the disease We 
have, therefore, studied a series of patients with pyelonephritis and 
dental sepsis and we have attempted to ascertain by intravenous injec- 
tion of the bacteria into animals whether a relationship may not exist 
between the conditions 

The technic employed in isolating the bacteria and in injecting the 
animals was that used by Rosenow in similar studies The material 
from the infected teeth or tonsils and the urine was spread on the sur- 
face of blood-agai plates and inoculated into tall tubes of glucose-bram 
broth The cultures were incubated at from 35 to 37 C The injec- 
tions, from 3 to 5 c c , were made intravenously with the primary cul- 
ture in glucose-bram broth as soon as profuse growth had occuned, 
usually in from twelve to twenty-four hours The viability and identity 
of the organisms injected were determined by plating on blood-agar 
The growth thus obtained was then compared with that obtained on the 
blood-agar inoculated directly The animals were anesthetized usually 
from three to six days aftei inoculation and thoroughly examined for 
lesions Cultures were made routinely on blood-agai plates and in glu- 
cose-brain broth from the lesions and from the blood, bile, urine, joint 
fluids, kidneys, and spleen The character of the lesions was determined 
by studying sections stained with hematoxylin and eosm, and the causa- 
tive organism identified in the lesions by gram stain 

As noted in the case histories, the unnary infection was subacute in 
all of the cases studied 


REPORT OF CASES 

Case 1 (328302) — Mrs E D , aged 30, came to the Clmic, Aug 6, 1920 
The patient’s physician wrote that she had suffered for six or seven years with 
bladder trouble, manifested by frequent and painful micturition, the capacity 
of the bladder seeming to be limited to about 2 ounces He suggested that this 
was the result of extravesical pressure Eighteen months before he had 
removed the right ovary and tube, and the appendix, in the hope of relieving 
the condition of the bladder The relief was only temporary, and the physi- 
cian had suggested a hysterectomy The patient was urinatirfg every five 
minutes, and intervals greater than one hour were unknown She dated her 
trouble from a pregnancy seven years before 

Physical Examination — The physical examination was negative save for a 
rather marked suprapubic tenderness The nose and throat failed to show 
anything suggestive of focal infection Approximately fifty pus cells to the 
microscopic field were found in the urine, but many stained specimens failed 
to show tuberculosis bacilli A test of kidney function showed a normal 
return of phenolsulphonephthalem , roentgenograms of the urinary tract were 
negative Cystoscopic examination revealed a subacute areal cystitis Urine 
obtained from the kidneys showed from one to five pus cells to the micro- 
scopic field, and contained colon bacilli Roentgenograms showed five devital- 
ized teeth and one infected root Three of the devitalized teeth had definite 
areas of rarefaction in the apical region , two showed none 
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Comment — The cystoscopic findings and the history of the case seemed to 
indicate a previous rather severe pyelonephritis The infection had localized 
in the bladder and apparently was kept up from some source of infection out- 
side the urinary tract The periapical infection of the teeth was believed to 
be this possible source The devitalized teeth, including the two that did not 
show shadows, were surgically removed and from each pure cultures of green- 
producing streptococci were isolated 

Animal Inoculations — Six rabbits were injected with the primary cultures 
in glucose-brain broth and all developed marked lesions in the kidnejs (Fig 1) , 
one also had lesions of the bladder The streptococcus was recovered from the 
lesions in the kidney in each rabbit 

Five animals were injected in the second animal passage Lesions devel- 
oped m the kidneys of four rabbits, and marked lesions in the bladder in one 
One of the rabbits did not show lesions Again the organism was recovered 
from lesions in the kidneys and reinjected into three rabbits Lesions were 
found m the kidnevs of all, but were less marked than those found in the 
kidneys of the animals in the first and second passages Of the fourteen 



Pig l — Rabbit’s kidney with marked swelling and edema of medulla, and 
areas of hemorrhage and necrosis four days after intravenous injection of 
streptococci obtained from an infected tooth of the patient in Case 1 

rabbits injected, lesions in the medulla appeared m thirteen, in the cortex m 
four, and in the bladder in two Only one of the fourteen was negative At 
necropsy the urine of eight contained albumin, pus cells and red blood cells, 
and seven either pus casts or granular casts Four had lesions in organs other 
than the kidney and bladder, but these were relatively slight Two of the 
animals had a few pin point hemorrhages m the stomach, another had a few 
lesions in the muscles, and a third had a small lesion in the myocardium 
Bactci xologxc Investigation — Cultures were made at necropsy from the kid- 
neys, urine, spleen, bile, liver, blood, and joint fluids, whether or not lesions 
were present In all the animals in this series the streptococci were recovered 
from the kidneys and urine In ten of the animals all other cultures were 
negative Four of the fourteen animals were found dead, and m these four 
the streptococcus was recovered from the blood, spleen, bile and liver, kidney 
and Urine In none of the animals did we find colon bacilli in either the 
kidneys or the urine A culture made from a catheterized specimen of the 
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patient’s urine earl} m the investigation showed only gram-negative bacilli 
This culture was injected into two rabbits, one intravenously and the other 
into the bladdei Neither developed lesions of the urinary tract September 
28 the patient had the badly infected root removed During the severe reaction 
which followed, the green-producing streptococcus appeared in the urine in 
large numbers, which still contained giam-negative bacilli The mixed culture 
from the urine was injected into two labbits Both animals had lesions in 
the kidneys, and one had a hemorrhagic lesion in the bladdei Cultures from 
the lesions showed the streptococcus in both animals, and in one a few gram- 
negative bacilli Cultures from the urine of both yielded the streptococcus, 
and of one a few gram-negative bacilli 

Case 2 ( 322852) — Mrs L S , aged 30, came to the Clinic July 3, 1920, with 
a history of having had an attack of gnpjie several months before, and occa- 
sional attacks of tonsillitis She complained of frequent unnation and dysuria, 
a constant pain over the bladder area, which became acute and sharp follow- 
ing urination, and marked loss of weight At times she was obliged to void 
three or four times an lioui, and stated that an hour and a half was the longest 



Fig 2 — Rabbit’s kidney with multiple hemorrhages and small grayish necrotic- 
likc areas in the medulla two days after mtraienous injection of streptococci 
isolated from the lesions in the kidney of an animal previously injected with a 
suspension of pus expressed from the patient’s tonsils in Case 2 

period of retention The trouble dated from an attack of tonsillitis six 
years before 

Physical E\aimnation — The physical examination was negative save for 
some tenderness to deep palpation m the suprapubic region, and evidence of 
peri-urethral tenderness A roentgenogram of the urinary tract was negative, 
and the test of kidney function showed a normal return of phenolsulphonc- 
phthalein Twenty-six pus cells were found in the urine m a single micro- 
scopic field Cystoscopic examination revealed chronic areal cystitis From 
one to ten pus cells were found to the microscopic field in urine obtained with 
ureteral catheters Colon bacilli were obtained on culture A test of kidney 
function by the intravenous injection of phenolsulphonephthalein, with the 
ureteral catheters in place, showed a return of the dye from each kidney in 
two minutes, normal amounts were collected at the end of fifteen minutes 
A pyelogram of the right kidney showed no evidence of pathologic change due 
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to infection The tonsils appeared to have been badly infected prenoush One 
impacted molar was shown m a roentgenogram 

Comment — In this case the urinary infection had evidently persisted in a 
subacute form, producing but little, if any, damage to the kidnejs, as their 
functional output remained normal and slight infection was demonstrable The 
lesions producing the clinical symptoms evidently were the persisting areas of 
cystitis in the bladder Because of the pathologic condition found m the 
tonsils, this also seemed a favorable case to investigate At tonsillectomy 
adhesions were found between the capsule and the aponeurosis 

Animal Inoculation — The predominating organisms found in the cultures 
made from the tonsils were green-producing streptococci and staphylococci 
On first animal passage three rabbits were injected, one with a suspension of 
pus from the tonsils in saline solution, and two with the primary culture m 
glucose-brain broth Lesions in the medulla and cortex were found in the 



Fig 3 — Section from rabbit’s kidney, showing necrotic area with marked 
leukocytic infiltration, four days after intravenous injection of culture of strepto- 
cocci obtained from an infected tooth of patient m Case 1 

three rabbits injected Only the streptococci were recovered from the infected 
kidneys, these were reinjected into four other rabbits, two developed lesion? 
in riie kidneys (Fig 2) , two did not show lesions In the third animal pass- 
age three rabbits were injected, two intravenously, and one intravesically, with 
the streptococci isolated from the infected kidneys of the rabbits injected in 
the second animal passage There was no evidence of lesions in these rabbits 
Only two of the five rabbits m this series showing definite lesions in the 
kidneys had sufficient urine in the bladder at necropsy for urinalysis The 
urine of both showed a slight trace of albumin and a few red blood cells 
Case 3 (222711) — Mr L M, aged 21, came to the clinic Feb 21, 1918, 
with a perirectal abscess that had been discharging for the past two rears 
Ten months before he had noticed blood m the urine and had experienced 
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pain at the end of micturition He had noticed that if he took cold the 
urinary symptoms were exaggerated At the time of examination he was 
obliged to urinate from three to five times at night and from eight to ten 
times a day 

Cystoscoptc Examination — This revealed an easily bleeding, excessively 
irritable bladder, with a capacity of but 3 ounces, and general diffuse cystitis 
of a tuberculous type In passing urethral catheters up to the left ureter 
multiple obstructions were encountered In the right side the catheter was 
passed without difficulty Specimens from the right side were negative, those 
obtained from the left showed large amounts of pus A diagnosis of left 
pyelonephritis, possibly tuberculous, was made and a nephrectomy performed 
The removed kidney showed chronic pyelonephritis The ureter was as large 
as a finger, thick walled, and definitely inflamed , the surrounding tissues were 
markedly edematous Following this operation the patient’s bladder symptoms 
improved, although they never completely sul sided 



Fig 4 — Diplococci and streptococci m and about leukocytes m the necrotic 
area shown in Figure 3 

Subsequent Com sc — When the patient returned to the Clinic, Nov 25, 1919, 
his urine still contained a large amount of pus, but repeatedly stained speci- 
mens were negative for tubercle bacilli, as were several guinea-pigs into which 
specimens of the urine were injected Cystoscopic examination showed a per- 
sisting diffuse cystitis , a large amount of pus was obtained from the right 
kidney, but repeated stamings failed to show any tubercle bacilli Kidney 
lavage with mercurochrome and silver nitrate was followed by improvement in 
the general condition of the patient Four months later he was discharged, 
without dysuria, and able to retain his urine for one and one-half hours dur- 
ing the da} r He was obliged to get up only twice during the night 

The patient returned to the Clinic a third time, Sept 22, 1920, with his 
condition approximately the same Cystoscopic examination at this time, how- 
e ' er, showed but few pus cells in the urine of the right kidney The teeth 
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were roentgenographed and the removal of two advised, both were definitely 
abscessed The teeth were removed and an acute exacerbation of the urinary 
symptoms followed The urine from the right kidney contained much pus 
and on culture gram-negative bacilli and green-producing streptococci were 
isolated Cultures from the infected teeth showed a pure growtli of the green- 
producing streptococcus 

Animal Inoculation — Four rabbits were injected with the primary cultures 
All the rabbits showed lesions in the kidneys, and three showed lesions in 
both kidneys and bladder In one, in addition to the urinary lesions, a small 
hemorrhagic area was found in the stomach and in another a slight joint 
involvement Three of the four animals had urine in the bladder at necropsy, 
and in all three red blood cells, pus cells, and a trace of albumin were found 
A pure culture of the green-producing streptococcus was obtained from the 
kidney lesions of all the animals 

Case 4 ( 333893 ) — Mrs LHP, aged 23, was examined at the Clime, Sept 
14, 1920 She complained of constant pain in the bladder, worse when the 
bladder was full, and of being compelled to void twelve to fifteen times at 
night and every twenty to tlnrt}' minutes during the day She had been 
cjstoscoped several times prior to coming to the Clinic She had an ulcerative 
cystitis, for which a vaginal cystostomy had been done two years before This 
bladder condition had existed for eight years The patient stated that a short 
time prior to its onset she had had four teeth devitalized 

Physical Examination — The physical examination was negative Examina- 
tion of the nose and throat showed no evidence of a focus of infection The 
renal function and blood urea were within normal limits Urinalysis showed 
large numbers of pus cells and some red blood cells A roentgenogram of 
the urinary tract was negative Cystoscopic examination revealed a diffuse 
ulcerative cystitis of very severe grade Specimens of urine obtained with 
ureteral catheter showed colon bacilli and a few short chain streptococci The 
urine from the bladder contained a similar flora A roentgenogram of the 
teeth showed the four devitalized teeth to be definitely abscessed These teeth 
were remo\ ed surgically and cultures made from two , both yielded large num- 
bers of the green-producing streptococcus Marked exacerbation of symptoms 
followed removal of the teeth 

Animal Inoculation — Four rabbits were injected Lesions were found in 
the kidneys of three, and slight involvement m the joints of two At necropsy 
the three rabbits with lesions in the kidnej's had urine in the bladder with pus 
cells and red blood cells The streptococcus was isolated from the kidneys of 
these animals, including the one which did not show gross lesions 

Case S (330369) — Mrs E B , aged 47, came to the Clinic, Aug 19, 1920, 
for examination because of frequent and painful urination The patient dated 
the onset of her trouble from an attack of rheumatism five months before 
The attack had been preceded by a severe cold followed by urinary symp- 
toms, which had grown progressively worse At the time of her examina- 
tion she was obliged to void hourly day and night 

Physical Examination — The physical examination was negative, including 
the nose, throat and tonsils One hundred cubic centimeters of blood contained 
20 mg of blood urea Roentgenograms of the urinary tract did not show 
shadows suspicious of stones A specimen of cathetenzed urine contained 
between SO and 100 pus cells in the microscopic field Cystoscopic examina- 
tion revealed a very much irritated bladder with subacute diffuse cystitis 
Specimens of urine obtained with ureteral catheters were filled with pus and 
on culture showed colon bacilli A normal pelvic outline was shown m a pyelo- 
gram of the left kidney, and there was no evidence of structural changes as a 
result of the infection An intravenous functional test with the ureteral 
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catheters in place showed a return of the dye from each kidney in three minutes, 
normal amounts were recovered fifteen minutes after injection Roentgenograms 
showed six devitalized teeth and one root The root and three of the teeth con- 
tained evidence of periapical infection The remaining three did not show 
rarefaction 

Comment — This case seemed favorable for study because of the apparent sub- 
acuteness of the infection and because the symptoms of the disease had been 
present only five months The unimpaired kidney function and the normal 
kidney outline seemed to argue well for the general improvement of the patient 
if the source of the infection was removed and the resulting pyelonephritis 
checked The infected teeth were removed surgically and an exacerbation of 
symptoms followed A pure culture of green-producing streptococci was 
obtained from each 

Animal Inoculation — Four rabbits were injected with these cultures, one died 
within the first twenty-four hours, and did not show lesions Two of the rabbits 
had lesions in the kidneys, one also had lesions m the bladder Cultures from 
the third rabbit were negative Streptococci were recovered from the lesions in 
the kidneys and injected into two other rabbits One had lesions in the kidney, 
the other lesions in the bladder The lesions in the kidneys were in the medulla, 
similar to those shown in Figures 1 and 2, and those m the bladder were in the 
mucosa and submucosa No gross lesions were found outside the urinary tract 

A pure culture of the green-producing streptococcus was obtained from the 
kidneys and urine of the two animals with lesions of the kidneys Cultures made 
from bile, spleen, joint fluid, and blood were negatrve In the animal with 
bladder lesions only, cultures from the kidney were negative, although the urine 
contained streptococci Examination of the urine at necropsv showed albumin, 
pus cells, red blood cells, and granular casts in three rabbits In the fourth 
rabbit there was only sufficient urine to culture 

Case 6 (332441) — Mr N R, aged 25, came to the Clinic Sept 2, 1920, com- 
plaining of general malaise, inanition, and insomnia He had no symptoms of 
urinary trouble and his general examination was negative 

Examination — Roentgenograms of the teeth showed periapical infection at 
the roots of four The tonsils were large and filled with fluid pus A large 
amount of pus and an occasional blood cell were found in the urine Stained 
specimens were negative for the tuberculosis bacillus The kidney function was 
normal as tested by phenolsulphonephthalein Cystoscopic examination revealed 
chronic diffuse cystitis with purulent urine Specimens obtained with ureteral 
catheters revealed many pus cells in the microscopic field, and on culture colon 
bacilli were found The intravenous phenolsulphonephthalein test gave a normal 
return of the dye in fifteen minutes It was difficult to determine the duration 
of the disease because of the lack of unnary history, but as the patient had been 
in poor general condition for seven months the case seemed fai orable for study 
The tonsils were removed and cultured and produced countless numbers of green- 
produemg streptococci and many staphylococci 

Animal Inoculation — Two rabbits were injected with emulsion of the extir- 
pated tonsils and two with the cultures in glucose-bram broth The four animals 
had lesions of the kidney, two had lesions in the kidney and bladder, three slight 
lesions in the muscles, and one a small lesion in the myocardium A pure culture 
of the green-producing streptococcus was obtained from the lesion m the kidnev 
of each rabbit 


SUMMARY 

In the foregoing six case histories there is undoubted clinical and 
cystoscopic evidence of pyelonephritis, accompanied by vaiious degrees 
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of cystitis In none of these cases was there any urinai y obstruction, 
either from stone, stncture or prostate, to which the urinary infection 
might be attributed 

The duration of the disease \aned greatly, the longest duiation of 
symptoms, which was eight years, followed the devitalization of four 
teeth , the shortest duration was five months in a case in which urinary 
symptoms first occurred following an attack of rheumatism In one 
case lepeated attacks of giippe and tonsillitis weie considered possible 
etiologic factors, and in three cases the clinical histories gave no sug- 
gestion of the source of the infection 

The teeth of the patients had little or no caries, thiee had a slight 
degree of pyorrhea In five of the six cases twenty-one infected teeth, 
two infected roots, and one impacted tooth were found Nineteen of 
the twenty-one infected teeth had been devitalized, m the other two 
pulp infection followed extensive filling Sixteen showed periapical 
infection, five did not show apical raiefaction Cultures from all but 
the impacted tooth, which was stenle, produced green-producing stiep- 
tococci The primary cultures in glucose-bram broth were injected 
intravenously into twenty-seven rabbits Twenty-foui (89 per cent ) 
had lesions m the kidney, and eight lesions m the bladder, foui lesions 
in the muscles, three lesions m the stomach, three lesions m the endo- 
cardium, two lesions in the myocardium, and four had joint mvohe- 
ments The lesions outside the urinary tract weie relatively slight in 
each instance 


Results of Animal Inoculation 
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In the second animal passage, the rabbits were injected with strep- 
tococci isolated from the kidneys of rabbits that had lesions following 
injection of the streptococci in the first animal passage Eleven rabbits 
were injected with cultures from three strains Seven rabbits (63 per 
cent ) had lesions m the kidneys, one rabbit had lesions m the kidneys 
and bladder, and one had lesions in the bladder One had slight lesions 
m the muscles, one m the stomach, and one m the myocardium 

In the third animal passage, six rabbits were injected with cultures 
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from two strains Three developed lesions m the kidneys None of 
the six showed evidence of lesions in any of the other organs 

The lesions m the kidneys of the rabbits in the first and second 
animal passages were pronounced (Fig 3) , m the third passage, as 
affinity for the urinary tract became slighter, the lesions became less 
mai ked 

That the marked affinity of these strains for the urinary tract has 
significance and was not accidental seems certain because during the 
injection of 208 animals under the same conditions with stieptococci 
from patients having diseases other than urinary infection, only seven 
developed lesions m the urmaiy tract Moreovei , experiments m which 
pus expressed from patients’ tonsils was injected without incubation 
seem to demonstrate that the selective localization of these streptococci 
was not due to their incubation in artificial mediums or to an overwhelm- 
ing dosage resulting from then increase in numbers, but to the selec- 
tive action of the organism isolated The selective affinity of the 
streptococci foi the urmaiy tiact was so marked that although a 
mixed culture was injected into some of the animals the streptococcus 
alone was recovered from the lesions 

Specimens of catheterized urine from all the xabbits were normal 
before injection, aftei injection a small amount of albumin with i da- 
tively few red blood cells, epithelial cells, and a larger number of 
leukocytes weie usually present 

The kidneys of the animals were usually about normal in size or 
slightly swollen, and m no instance was the picture that of diffuse 
parenchymatous nephritis, but always that of localized infection The 
capsule stripped readily in all The cortex often presented small, 
opaque, yellowish-wlute areas, and on section the cut surface often 
revealed marked swelling and edema, especially of the medulla, some- 
times associated with areas of hemorihage -varying m size from 1 mm 
to 4 mm Vaiying numbeis of neciotic aieas were found m the 
medulla, some aieas so small they were scarcely visible, others large, 
grayish-white streaks necrotic-like in appearance, and gradually dis- 
appearing as they approached the cortex These areas weie surrounded 
by zones of congestion and hemorrhage In only a few instances were 
hemorrhagic lesions found m the ureters 

On nncioscopic examination, no evidence of diftuse nephutis was 
found The glomeiuli were almost wholly fiee from lesions other 
than varying degrees of congestion The necrotic aieas showed 
marked destruction of the epithelium and marked leukocytic infiltra- 
tion The parenchymatous cells immediately surrounding these areas 
were often granular and swollen, and the nuclei of many failed to 
take the stain Sections stained by the Gram method showed varying 
numbeis of gram-positive diplococci, singly, m groups, oi m short 



B UMP US-MEISSER— PYELONEPHRITIS 


337 


chains (Fig 4) The leukocytes often contained many diplococci in 
various stages of digestion, depending on the duration of the 
experiments 

CONCLUSION 

It seems fiom our study that pyelonephritis may often be due to 
focal infections harboring streptococci which have a selective affinity 
for the urinary tract, and that the colon bacillus which is commonly 
found and generally believed to be the cause, is of secondary 
lmpoi tance 



MUSCULAR INFANTILISM 


ALEXANDER GIBSON, MB 

WINNIPEG, CANADA 

Diseases of the nervous system form a somewhat obscure blanch 
of medical science Our ignorance of the moibid anatomy and his- 
tology of many of them is profound It is, accordingly, a matter of 
no surprise that our classification of these diseases is unsatisfactory 
The intimate correlation between neivous and musculai systems is 
recognized in the fact that undei nervous diseases, eveiy textbook 
includes descriptions of conditions which are, so far as known, essen- 
tially muscular 

There is a tendency to segregate those cases which show muscular 
atiophy into two clinical groups, the atrophies and the dystiophies 
The distinction is probably not well giounded, in respect to etiology 
In view, howevei, of our lack of knowledge of the cause of most of 
the nueuromusclar diseases, even this criticism must be made some- 
what tentative We can recognize the giosser causes of lack of func- 
tion of the central nervous system, such as ceiebral hemorihage, or an 
attack of meningitis, but we know very little of the factors which 
maintain the central nervous system as a going concern, even m the 
case of the much simpler muscular system theie aie many unsolved 
conundrums Why is creatm always present in muscle' 1 Does it 
ongmate in muscle 01 is it carried from the outside ? What mechanism 
in the muscle transforms it into creatinm, and what is the value of this 
appaiently essential substance in the musculai economy ? With the 
nervous element in the neuromusculai complex lemaimng shiouded 
m mysteiy, there is little cause for wonder that such compai atively 
common conditions as disseminated sclerosis, piogiessive muscular 
atrophy, or pseudohypertrophic paralysis, lemain unexplained 

The essence of scientific expenment is to vaiy one factoi at a 
tune, the others lemaimng constant In the case of the human sub- 
ject, it is difficult, almost impossible, to predicate these conditions, 
but an approximation to them in which there is one outstanding clin- 
ical variation from normal and along with it one outstanding chem- 
ical vaiiation from normal has come under notice In the belief that 
it is a valuable case I venture to place it on recoid 

REPORT Or CASE 

R W T , aged 26, single, bank clerk, consulted me Sept 25, 1917 , because 
of lus inability to perform any unusual exertion, or, in fact, anything more 
than a comparatively small muscular effort would accomplish There was no 
lustoij of tiring easily, provided, the muscular work called for was small in 
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intensity, the effort could be maintained as long as it could be by the ordinary 
person, but when the effort called for was more than a very small amount, it 
simply could not be performed Thus he could walk about all day, and perform 
to the full his duties as a bank clerk, he could enjoy a game of golf, but 

TABLE 1 — Patient's Family History on Father’s Side 


i 


1 Female, affected, 
still living, 75, sis 
in family 


1 Male affected 1 1 Male, free 

j 2 Male, free 

2 Male, affected, no family 

3 Female, free, no family 

4 Male, free, two children, both free 

5 Male, affected, unmarried 

6 Female, affected, no family 


2 Female, affected, 
still living, 73 


1 Male, free do not know about family 

2 Male, affected, unmarried 

3 Female, free, two children 


3 Female, free died at f 1 Male, free, no family 
36 years, infiam- f 2 Male, free, no family 
mation of bowels [ 3 Male, affected, unmarried 


4 Male, free, still living, seven children, all free 

5 Female, free, died at 18, summer complaint 


6 Male, affected, still ( 1 Male free, 1 male, free I think 
living 1 2 Female, free, no family 


1 Female, 
affected, 
“Dad’s” mother 


Male, affected, 
(father ofRWT), 
still living 


1 Female, free 1 1 Male, free 

1 2 Female, tree 
3 Female, affected, unmarried 

3 Male, affected, unmarried 

4 Male, free, unmarried 

5 Male, affected, (RffT) 

6 Female, free 


"Dad’s” 

Grandmother, 

affected 


8 Male, affected, died 
at 45, Bright’s 
disease 


1 Male, fl\e children, all free 

2 Female free 

3 Male, affected 

4 Female, free, three children don’t 

know about them 

5 Male, affected 

6 Female, free, no family 

7 Female, free, unmarried 

8 Female, free, unmarried 


9 Female, affected, 
died at 53, 
cancer 


1 Female, free, unmarried 

2 Male, free 

3 Female, affected, unmarried 


10 Female, died at 3 

11 Female, free, died 1 1 Male, free, unmarried 
at 27, consumption \ 2 Female, free, died 


1 Female, free, died, don’t know about farailj 

2 Male, affected, no family 


2 Female, 
affected, 
"Dad’s” aunt 


3 Male, free, familj free 

4 Male, free, don’t know about family 

5 Female, affected 5 1 Male, free 

5 Female, affected ( 1 Male, free 

I 2 Male, free 

6 Female, free, family all free I think 


3 Female free 


7 Male, affected ( 1 Male, affected 

\ 2 Female, free 

8 Male, family free so far as I know 


throwing a baseball or rowing a boat were sheer impossibilities, while even 
such ordinary activities as taking a high step or rising from a sitting to the 
upright position without the assistance of his hands, were difficult He had 
been aware of this condition since he was a child His health has always 
been good, and within limits his enjoyment of physical actnity has ahvay’S been 
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as great as that of his neighbors The physical limitation has never been 
associated with mental weakness or psychic change of any sort, apart from the 
recognition that his muscular weakness handicapped him in juvenile sports 
He knows that his father, and his father’s mother have the same weakness 
Family Htstoty — It was possible to obtain a fairly complete family history, 
dating back to the patient’s paternal great grandmother, and passing down 
through his paternal grandmother and his father to himself From a study 
of Table 1 it will be seen that the condition affects both male and female, 
that with one exception — if the observation be correct — those who are them- 
selves free from the condition, whether male or female, do not transmit it to 
their children That exception is the third oldest of “Dad’s” sisters, who while 
free herself had a son who is affected This individual, my patient states, is 
much the worst of all, being “pretty helpless ” It further shows that the con- 
dition is not one which predisposes to any particular disease, does not of itself 
shorten life, and in no way interferes with the reproductive powers Analysis 
of Table 1 shows further that of twenty-six males liable to be affected, fourteen 
were so affected, and twelve were free Of twenty-one females, seven were 
affected while fourteen were free 


TABLE 2 — Physical Measurements of Patient 



Left, 

Right, 



Inches 

Inches 

Inches 

Biceps 

9% 

10 


Forearm 

8 % 

9% 


Wnst 

5% 

5% 


Tlngh 

21% 

22 


Leg 

13 

13 


Knee 

13% 

13% 


Oalf 

14 

14 


Ankle 

8% 

8% 


Ohest 



38 

Waist 



32% 

Abdomen and hips, at most prominent circumference 


38% 


Physical Examination — Examination shows apparently little departure from 
the normal The patient is 5 feet 8 inches tall and weighs 155 pounds He is 
distinctly adipose, the fat being largely distributed in the general subcutaneous 
tissue, so that there are rounded outlines suggestive of the female rather than 
the male figure This suggestion is accentuated by the presence of striae over 
the lower abdomen and upper part of the thighs, some of these being white 
and glistening, others purplish, exactly like typical "striae gravidarum ” He 
has no recollection when these appeared He underwent no sudden or even 
rapid increase in bulk, and is not now thinner than he has been, so that the 
explanation of the striae is somewhat obscure This relative adiposity is, the 
patient states, not characteristic of the condition He is himself, he say-s, the 
only one he knows of who shows it The majority of those affected are normal 
in outline, all, however, being characterized by the presence of small bones 
The probability is that the smallness of the bones is directly correlated with 
the limited power of the muscles The wrist measurement, for example, in 
this case is about 5 % inches The average female wrist is about 6 inches, and 
the average male wrist is about 6% inches 

Two other characteristics of those affected are the presence of distinctly 
square shoulders and a short neck 1 


1 A fairly complete examination has been made from time to time, and in 
this respect I am indebted to Professor Swale Vincent, of the Department of 
Physiology, University of Manitoba, now of the University of London, to Pro- 
fessor William Boyd of the Department of Pathology, University of Manitoba, 
and to Dr Robert G Armour of Toronto, for observation along special lines 
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Examination of the circulatory, respiratory and alimentary systems revealed 
no abnormality The blood pressure (systolic) has varied from 130 to 140 
The urine has shown no albumin, blood, sugar or pus The thyroid is very 
slightly enlarged 

Blood Examination — Investigation of the blood was done from time to time 
The red cell count has always been above normal, varying from 6,230,000 to 
5,760,000 The leukocyte count has always been about normal, the highest 
observation being 12,400, the lowest 7,600 The hemoglobin is also within the 
limits of normal variation, from 75 to 90 per cent being the limits This, it 
will be observed, gives a rather lower color index than normal 

The differential leukocyte count has followed at all times strictly normal 
lines, averaging polymorphonuclears, 75 per cent , small lymphocytes, 20 per 
cent , large lymphocytes, 3 per cent , eosinophils, 2 per cent 

Roentgen-Ray Examination — Roentgenograms were taken of the skull with 
a view to determining whether or not there was any increase in the size of 
the pituitary fossa No variation from normal has been observed 

Examination of the Central Nervous System — This examination was made 
at my request by Dr Robert G Armour of Toronto His report is as follows 

Feb 5, 1919 Shoulders broad and high , pelvis narrow , musculature of 
thighs apparently good, tapering markedly from hips to knees, calves well 
developed, musculature of arms poor, about size of those of boy of 16, no 
obvious wasting of any particular muscle or group, fingers moderately small 
and taperirtg, not deformed , toes slightly “hammer” , in standing, appear to 
spread He has always had trouble in getting boots to fit him on account of 
the width of the feet at the base of the toes Marked callosities under trans- 
verse arch of feet Station, with eyes closed, good On either leg alone and 
eyes closed, fair On left not quite so steady as on right Tends to trip or 
slip easily Gets up from a lying position fairly readily, with no attempt to 
“climb up” himself Can walk on toes, but has difficulty in rising on heels No 
appearance of atrophy of peroneal muscles Moderately good strength of leg 
muscles, although below average, and low in proportion to appearance of devel- 
opment Strength of biceps and triceps of arms inconsiderable 

Grasp of hands each 16 on dynamometer (average normally 45) No 
inequality in strength of facial muscles of two sides Retraction of mouth not 
well performed, and extreme efforts cause little wrinkling of the face No 
apparent weakness of upper face Mouth opened and tongue protruded, and 
palate elevated to full extent and in middle line No ptosis Eye movements 
full in all directions No nystagmus Pupils react briskly to light and accom- 
modation Fundi normal Moderate pes cavus 

Reflexes Knee jerk present, easily elicited, not increased, no clonus Idio- 
muscular contractility not obtained over quadriceps extensor Ankle jerk easily 
elicited, no clonus, equal, ldiomuscular contractility obtained in calf muscles 
Attempts to elicit this in extensors and peroneals cause contraction of the calf 
muscles which raise the heel from the ground When this is prevented, no 
ldiomuscular contractility is obtained Biceps and triceps reflexes of upper 
extremity easily elicited ldiomuscular contractility present in triceps, exten- 
sors of forearms and doubtful in deltoids Not present in biceps, pectorals 
or trapezii Present to a slight degree in the facial muscles Plantar, plantar 
flexion, but feeble Cremasteric reflex doubtful Abdominal and epigastric 
reflex doubtful 

No sensory change demonstrable, including position sense No tachycardia 
All muscles react to faradism 

Examination of the Eyes — This examination was made for me by Dr Harvey 
Smith His report is “I find that he has a small error of refraction Fundus 
examination is negative, nor can I discover any defect in his field or in his 
pupillary reflexes ” 

The Wassermann reaction was negative There was slight enlargement of 
the thyroid gland 

Ti catnicnt — At the suggestion of Professor Swale Vincent, raw suprarenal 
glands were administered One ox gland per day was taken, minced, as a sand- 
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wich, commencing Nov 1, 1917 This was continued until Dec 18, 1917, when 
because of some nausea this feeding was stopped Ergographic tracings made 
before and after the administration of suprarenal gland seemed to indicate slight 
improvement in the muscular condition, but it was not striking 

Jan 25, 1918, suprarenal gland feeding was resumed at the rate of one-half 
ox gland per day This was continued until March 14, 1918 No appreciable 
increase of muscular power was noted, although there was some gastric insta- 
bility The taking of suprarenal gland was, therefore, definitely stopped 
May 17, 1918, a course of graduated exercises was commenced These were 
of a simple nature designed with a view to increasing the existing muscular 
development They were continued until June 26, 1918, when there was added 
to the exercises a course with the Bristow coil, an instrument which in other 
cases has proved of considerable value in increasing the bulk of atrophied 
muscles 

Oct 15, 1918, his measurements were again taken 


TABLE 

3 — Physical Measurements Eleven 
Treatment Was Begun 

Months 

After 


Left, 

Bight, 



Inches 

Inches 

Inches 

Biceps 

10 

10% 


, Forearm 

9% 

9% 


A Wrist 

s% 

5% 


Thigh 

21% 

22 


Leg 

13% 

13% 


Knee 

13% 

13% 


Calf 

14 

14% 


AnLle 

7% 

7% 


Chest 



38 

Waist 



33 

Abdomen and lnps 


39% 


These measurements are confirmatory of the opinion expressed by him that 
his muscular power was little, if any, increased 

Subsequent Cou?se — In the spring of 1919, the patient had an attack of 
influenza and was ill for three weeks The summer he spent at work m the 
country and I did not see him again until Sept 22, 1919 The measurements 
then were as follows 

TA.BLE 4 — Physical Measurements Eleven Months After 
Cessation of Treatment 



Left, 

Bight 



Inches 

Inches 

Inch 

Biceps 

10 

9% 


Forearm 

8% 

9% 


Wrist 

5% 

5% 


Thigh 

21% 

21% 


Leg 

, 13 

13% 


Knee 

13% 

13% 


Calf 

14 

14% 


AnLle 

7% 

7% 


Chest 



39 

Waist 



33 

Abdomen and hips 



38 


These show practically no alteration from those previously noted In other 
words, he seemed to be as well without treatment of any sort as with it 

The muscles themselves, though not at all massive, are not abnormally small 
for a man of his build The electrical reactions were tested and gave a response 
of normal quality to both faradism and galvanism A small piece of muscle 
was excised from the right vastus lateralis muscle and sent for histologic 
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examination to Professor William Boyd His report indicates practicallj no 
departure from the normal 

Mtci oscopic Examination — Portions of the vastus lateralis muscle, removed 
under local anesthesia, were examined by the usual methods The only marked 
deviation from the normal was the wide separation of the muscle fibers from 
one another by what appeared to be edematous fluid This, however, was prob- 
ably merely the result of the injection of novocain The individual muscle 
fibers appeared to be slightly atrophic, but the transverse stnations were quite 
distinct, although, perhaps, not quite so prominent as in the normal fibers The 
nuclei of the sarcolemma were well developed There was no evidence of any 
of the increase of fat which is so characteristic a feature of the pseudohyper- 
trophic form of muscular dystrophy 

From April 20, 1920, until June 6, 1920, thyroid gland was given, 15 grains 
per day During treatment with thyroid gland he had an excess of carbo- 
hydrate The result of this was certainly not an improvement clinically, and 
examination of the urine suggests that the results were bad Pituitary extract 
15 grains per day was taken from June 14, 1920, until July 7, 1920 Again no 
improvement was shown Strychnin, % 5 grain, was also used from Sept 13, 
1920, until Sept 20, 1920, with equally unfavorable consequences 

From time to tune the patient has been examined by Prof Swale Vincent 
and by Prof A T Cameron Professor Vincent’s report is as follows 

March, 1920 The patient has a fairly good power of long sustained effort 
of a low grade He walks fairly well and can play eighteen holes of golf with- 
out much fatigue He can raise a 25 pound bar above his head four or five 
times He can hang onto a horizontal bar for a moment, but cannot raise him- 
self in the least There has been some increase in the strength of lus arms 
since 1917 

The dynamometer record has also slightly improved since 1917 The results 
have varied between 40 and 50 kilograms tested by Verdin’s (Boulitte’s) dyna- 
mometer Mosso’s ergograph has not given very accurate results because of the 
long time during which the patient could continue minimal contractions With 
the right second finger the laboratory attendant could execute 400 kilogram 
centimeters of work when each complete movement was carried out in two 
seconds The patient could only raise the weight five or six times, doing at 
most from 12 to 15 kilogram centimeters of work Roughly, then, his muscular 
power is about 4 or 5 per cent of the normal 

CHEMICAL REPORT 

The observations have been carried out between March and October 1920 
As during this period the patient was carrying out his usual duties, it was 
impossible to conduct an exact supervision of diet As soon as the creatinuria 
was definitely associated with his condition, futher observations were directed 
chiefly to the effect of treatment on this symptom As the degree of creatinuria 
did not appear to be materially affected by a moderate meat diet, no special 
diet conditions were imposed, but full particulars were obtained of the nature 
of the meals on the days on which twenty-four hour urine samples were obtained 
Urine Examination — The following methods were employed The total 
phosphates were estimated by the uranium acetate method Chlonds were esti- 
mated by the Volhard-Arnold method Uric acid was determined bv the 
Benedict-Hitchcock modification of the Fohn-Macallum-Denis procedure Acid- 
ity and total ammonia and amino-acids were estimated by the formol titration 
method Creatin and creatinm were determined by the Folm-Benedict method, 
using a Kober colorimeter The creatin figures are expressed in terms of 
creatinm Urea was approximately determined by the Hmds-Doremus ureometer 
Nothing specially abnormal was observed in the color, appearance or specific 
gravity Indican was only present in normal amounts The acetone bodies 
(tested for by Le Nobel’s, Gerhardt’s, Hurtley’s, and Rothera’s reactions) were 
almost invariably absent The exceptions are noted Reducing sugar and 
albumin were invariably absent Urinary sediments were not abnormal 
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The figures in Table S refer to grams in the twenty-four hour sample, 
except those for acidity, expressed in cubic centimeters of tenth normal alkali 
May 9, an extremely hot day, more water than usual was drunk, less urine 
than usual was excreted, and the Le Nobel and Gerhardt tests for aceto-acetic 
acid, and the Rothera test for acetone were distinctly positive June 11, the 
Rothera test was positive, the Le Nobel test just positive, and the Gerhardt 
test negative 


TABLE S — Results of Examination of Urine 



Total 


Am- 






Creat 

Crca- 



Vol- 

Acid 

monia 


Uric 

PllOS- 

Chlor 

Creat 

inin 


Date 

ume 

ity 

and 

Urea 

Acid 

phatcs 

ids 

min 

plus 

tin 

Diet 


in 

Amino 






Orea- 




Oc 


Acids 






tin 



3/ 2 

1,050 

252 

0 43 

22 

0 43 

2 56 


1 09 

1 47 

0 38 

Normal, some roast 









! 

beef 

3/ 9 

2,250 

445 

0 82 

27 

0 51 

2 41 

9 27 

0 81 

1 72 

0 91 

Mentless on March 8 










and 9 

3/31 

1,725 

642 

112 

17 



16 5S 

090 

1 31 

0 41 

Normal, meat with 










two menls 

4/10 

1,785 

512 

0 94 

32 


2 4 


1 45 

180 

0 35 

Normal some fish 

4/17 

1,345 

439 

092 

30 


21 


1 26 

184 

0 58 

Meat with two meals 

4/18 

2,040 

414 

081 

28 


19 


1 22 

1 71 

0 49 

Somenhat less meat 

4/27 

1,445 





205 


090 

1 52 

0 62 

Meatless, thyroid 








1 

I 


from April 20, with 
excess sugar 



5/ 7 

1,575 

431 

0 63 

28 




085 

1 70 

085 

Some fish, thyroid, 

5/ S 

1,250 

393 

0 75 

21 




090 

1 30 

0 40 

Meatless, tlijroid, su 

5/ 9 

790 

458 

0 78 

21 1 




0 85 

1 42 

0 57 

g ar 

Somo meat, thyroid 

6/ 4 

1,300 

1830 

180 

21 


2 4 


1 14 

124 

010 

Meatless, thyroid, su 

6/ 5 

1,350 

945 

212 

22 


24 


112 

128 

016 

Meatless, thyroid, su 

6/ G 

1,240 

840 

142 

22 


24 


0 95 

124 

0 29 

g ar 

Chicken, thyroid su 

6/11 

6/29 

1,440 

499 

104 

30 

0 78 



1 48 

2 20 

0 72 

I 

Kill 

Pish and meat, thy 
roid stopped since 
June 6, excess of su 
gar continued 

1,300 

343 

068 

21 




1 09 

1 52 

0 43 

Some meat, pituitary 

6/30 











and excess sugar 
since June 23 

1,470 

448 

0 81 

21 




1 04 

0 59 

0 55 

As previous day 

7/ 1 

1,750 

26G 

0 62 

18 




0 81 

1 16 

0 35 

As previous day 

8/27 

1,050 







1 33 

189 

056 

No treatment, some 












fish 

8/28 

1,320 







133 

1 85 

0 52 

As previous day 

8/29 

1,145 







094 

1 25 

0 31 

Meatless 

9/19 

1,095 

245 

060 





0 89 

1 37 

0 48 

Some meat, strjchnln 

9/20 











since September 13 

1,870 

274 

0 75 





082 

127 

0 45 

As previous day 

9/21 

1.7G0 

289 

0 62 





086 

121 

0 35 

As previous day, hut 
strychnin stopped 












September 20 


While the urea figures are distinctly low, the only distinct abnormality is 
the continual presence of creatin The creatinin excretion for a man of about 
68 kg with some body fat should be about 1 4 gm per day The figure m 
Table 5 is almost always less, and is only three-fourths of this on a meatless 
diet There is some indication that the excretion of creatin tends tc diminish 
slightly on a meatless diet, though the results for meatless days include the 
highest figure recorded The creatin figures are consistently high, varying 
between 40 and 110 per cent of the creatinin figures 

Administration of thyroid with excess cane sugar caused for several weeks 
an increase m the amount of creatin, in agreement with the observation of 
Cramer and Krause that thyroid medication causes creatmuria, and the occur-' 
rence of creatmuria in exophthalmic goiter Continued administration of thj- 
roid over a prolonged period, while apparently increasing the creatinin toward 
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a normal figure, and giving the lowest degree of creatinuria recorded, produced 
marked acidity, with a concomitant feeling of the patient that he was not so 
fit, and a distinct decrease of muscular strength, as indicated by the ergograph, 
so that the initial rise of creatin can be regarded as indicating an adverse effect 
The cause of the marked hyperacidity was not ascertained It was not due 
to increase of phosphates, nor to acetone bodies nor to lactic acid 

Pituitary produced no effect Strychnin appeared to decrease the creatmm 
without producing any effect on the creatin This effect can, perhaps, be regarded 
as nonbeneficial, in line with the general effect on the patient and the ergo- 
graphic record 

In order to study the creatinuria more closely, the urine was collected at 
three hour intervals on Sunday, September 5 A final collection was made for 
the nine hour period ending at 8 a m September 6 In this, as in previous 
work, the patient’s accuracy had to be relied on The total amount passed was 
very low, but assurance was given that the amount was collected accurately 
The diet was meatless, otherwise normal, and the patient had been undergoing 
no special treatment for the previous two months The results are shown in 
Table 6 


TABLE 6 — Results of Study or Urine with Patient on a Meatless 
Diet and Under no Special Treatment 


Time 

Volume, 
C c 

Acidity, 

Oc 

Ammonia 

Plus 

Amino 

Adds, 

Gm 

Creat- 

min, 

Gm 

Creatin, 

Gm 

Acidity 

per 

100 Oc 

Ammonia 
Plus 
Amino 
Acids, 
Gm per 
100 Cc 

Creat- 
inin, 
Gm per 
lOOCc 

Creatin 
Gm per 
100 C c 

11 a m 

ISO 

41 


015 


23 


0 08 

0 05 

2pm 

100 

35 

wnrm 

on 

0 04 

41 

fRfjgS; 

Oil 

0 04 

5 p m 

85 

31 

it! 

012 

0 05 

37 


014 

0 05 

8pm 

72 

34 

Rfi rtlBI 

OOS 

005 

47 


011 

0 07 

lip m 

44 

31 

Hi 

000 

0 03 

71 


014 

0 07 

8am 

215 

150 

0 294 

0 27 

012 

70 


013 

000 

Total 

69G 

322 

0 69 

0 79 

0 37 






These results, especially when expressed per 100 c c of urine, indicate that 
the creatin concentration in the urine is approximately constant throughout the 
twenty-four hours, but tends to increase slightly with increased acidity and 
ammonia The creatmm figures do not show this relationship This constant 
excretion of urine throughout the twenty-four hours is not m accordance with 
other observations on cases of creatinuria It will be discussed further 
elsewhere 

Blood Sugai — Blood sugar was estimated April 2 A sample was taken in 
the morning, before breakfast One-tenth per cent glucose was present (Bene- 
dict’s modification of the Lewis and Benedict method) A breakfast was given 
consisting of 200 cc of milk, 100 gm bread and butter, and 100 gm glucose 

After two hours the blood sugar was 0 15 per cent The urine contained no 

reducing sugar throughout the day, and the feces contained none on this nor 
on the two succeeding days 

Sugar Tolerance — April 11, two hours after a moderate breakfast, a similar 
sugar meal was given, with cane sugar substituted for glucose No reducing 
sugar was detectable in the urme throughout the day The carbohydrate 
metabolism was, therefore, apparently normal 

Blood Creatmm and Creatin — A sample of blood was obtained Nov 28, 
1920, two hours after breakfast The creatmm estimated by Folin’s method, 

amounted to 0 7 mg per 100 c c blood This is the minimal figure for nor- 

mality The creatin was not determined, since according to Hunter and Camp- 
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bell 2 and Feigl 2 3 the present methods do not yield results sufficiently accurate to 
warrant any conclusions being drawn A sample of urine obtained at the same 
time showed, per 100 cc, 113 mg creatinm and 46 mg creatm 

It may be noted that the blood appears to clot somewhat more readily than 
normal 

Comment — Most of the interest of Professor Cameron’s report 
centers around the presence of creatmuria In considering the results 
of examination, one must bear in mind the fact that during the whole 
time of observation the patient has been engaged m his ordinary work 
Modifications of diet were for the most part carried out without con- 
trol The patient has lent himself to investigation in the most willing 
and intelligent manner 

The chemical findings may be summarized as follows 

1 The creatmin excretion suggests the actual extent of musculature 
which he possesses 

2 The creatm excretion suggests an infantile condition 

3 The creatm -j- creatinm excretion is in agreement with the mus- 
culature of a normal individual of his build 

4 The creatm excretion varies little on meat diet 

5 The blood sugar is normal 

6 Sugar utilization is normal 

7 Acetone bodies were present on one occasion only The creatm 
for this day was not a maximum Acetone bodies have no special 
relation to this condition 

Regarding the influence of treatment it may be said that 

1 During suprarenal administration no chemical examination was 
made, Professor Cameron being still on active service 

2 During thyroid administration excessive carbohydrate was used 
without obviously modifying the thyroid effect (a) There was 
initially a slight increase in creatm which lasted two or three weeks 
(b) After six weeks there was a marked fall in creatm and no appre- 
ciable change m creatinm (c) There was marked acidity of the urme, 
cause undetermined 

3 Pituitary had no effect This was noted m spite of carbo- 
hydrate being still used in excess 

4 Strychnin apparently decreased creatinm without any marked 
effect on creatm This was accompanied by unfavorable ergographic 
records Subjectively, the physical condition was also less satisfactory 
(Other factors may have entered here to contribute to this ) 

Result of a twenty-four hour test on meatless diet was 

1 Creatm was excreted constantly 

2 There was no particular relation to creatinm 


2 J Biol Chem 33 169, 1918 

3 Biochem Ztschr 105 255, 1920 
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3 There was increase of creatin with increase of ammonia and 
acidity 

4 Creatin excretion did not fall off during the night 

5 The kidneys removed creatm from the blood at a fairly con- 
stant rate per c c of urine 

A word or two is necessary regarding the ergographic tracings 
The earlier ones are comparatively valueless on account of the fact 



Fig 1 — Three views of patient showing amount and deposition of fat 


that a small load was used, the patient was able to raise this almost 
indefinitely, in other words, for a small load his endurance was con- 
siderable In this respect the tracing is infantile m character 

In the later tracings a load of 2,000 gm was used and in most 
cases the observation was controlled by a corresponding observation 
on the laboratory attendant In every case, the load was 2,000 gm and 
each complete movement was carried out in two seconds 
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Table 7 shows a tracing of RWT, J C , (the laboratory attend- 
ant), and J C , J r , the son of the latter, aged 7 years 2 months With 
a load of 2,000, the child has an excursion of 61, as against RWT s 
average which is well under 40 This child was still normally excreting 
creatm 

The obseivation on May 9, 1920, corresponds to a time when he 
had been taking thyroid, 15 grains, per day for about twenty-one days 
The tracing of June 6 was taken on the last day of thyroid administra- 
tion and showed a drop to 10, the lowest recorded m the series The 
dynamometer record on this day was 40, so that the loss was in 
endurance rather than in power On all g'rounds, therefore, the taking 
of thyroid produced undesirable results 


TABLE 7 — Ergographic Tracings of Patient and Two Normal Subjects 


Date 

Name 

! i 

Excursion 

Dynamometer 

6/ 9/20 

RWT 

36 


J O 

206 


6/ 6/20 

RWT 

10 

40 

J C 

249 


6/12/20 

1 RWT 

21 

38 

J C 

226 


7/ 2/20 i 

RWT 

36 

39 

J C 

220 


9/12/20 

, RWT 

39 

40 

J C 

230 


9/21/20 

R.W T 

26 

39 

10/24/20 

[ J C , Jr 

61 



June 12, six days after ceasing to take thyroid, a rise to 21 had 
occurred 

June 14, the administration of pituitary was commenced, and a 
tracing taken July 2 showed the figure 36, practically a return to the 
normal for him 

Before commencing strychnin administration September 13, a trac- 
ing was taken Septembei 12 The patient was feeling exceptionally 
well, and this was reflected in the number 39 

Strychnin was stopped September 20, and the following day the 
observation showed a drop to 26 Throughout the whole experiment, 
the dynamometer record has varied very little, the ergographic trac- 
ings have given much more valuable information, revealing variations 
in total work capacity rather than in degree of effort 

In considering the diagnosis of this condition, one is at once met 
with the striking absence of pathologic signs, except the infantile degree 
and character of muscular power, and the presence of creatm in The 
urine 

On clinical grounds, the varieties of progressive muscular atrophy 
are inadmissible, inasmuch as the condition is not progressive, nor is 
there evidence of muscular atrophy Myasthenia gravis, amyotonia 
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congenita and pseudohypertrophic paralysis are mentioned merely to 
be dismissed 

What, then, is the condition? Is it a pathologic entity resulting 
from disease of or lack of development of some part of the nervous 
system, or some of the endocrine glands, or is it some inherent varia- 
tion m muscle tissue? No support is given to the latter theory by 
histologic examination of muscle tissue The solution of the mystery 
is closely bound up with the metabolism of creatin, regarding which 
many scattered pieces of evidence of variable trustworthiness are avail- ' 
able, but regarding which no satisfactory evidence has been adduced 
of the source of supply or the mechanism of its transformation into 
creatimn Creatm is normally present in young children and abnormally 
present in some pathological states .Why it should disappear as 
maturity is reached we do not know 

On the basis of clinical data, of ergograph and dynamometer 
records, and the presence of creatin in the urine, I venture to describe 
this as a case of muscular infantilism Its ultimate cause is still 
unknown, and the condition is entirely uninfluenced as yet by treat- 
ment Such observations as have been made tend to negative the 
suggestion that the endocrine glands are at fault 


ADMINISTRATION OF A PITUITARY EXTRACT 
AND HISTAMIN IN A CASE OF 
DIABETES INSIPIDUS * 

R B GIBSON, PhD, and FRANCIS T MARTIN, BS 

IOWA CITY 

We have recently had the opportunity to study experimentally a 
rather severe case of diabetes insipidus Our observations include the 
effect of lumbar puncture, the administration of pituitary extract hypo- 
dermically and by mouth, the effect of histamin injection, the nitrog- 
enous metabolism before and as affected by pituitary extract, the blood 
constituents and the carbohydrate tolerance 

REPORT OF CASE 

J S , male, white, aged 24 years, single, a painter and mechanic, and an 
overseas man, was referred to the State University of Iowa Hospital, April 
25, by Dr F H Lamb of Davenport, Iowa, for chronic syphilis and polyuria 

Family History — The family history was unimportant, the patient stated, 
however, that one brother is a great water drinker 

Present Illness — The patient complained of loss of appetite, pam in the back 
and lower abdomen, occasional dimness of vision, dizziness, coldness and chills, 
polydipsia and polyuria, general weakness, and some loss in body weight (from 
145 to 133 pounds) The syphilitic history dates from an exposure Sept 15, 
1915 , sores developed on the penis and then in the throat in October following 
He received some treatment at this time In 1916, he had gonorrhea In 
February, 1920, he was found to have a + + + + Wassermann reaction, , 
and received some syphilitic treatment A test made just before he entered 
this hospital was still + + + +, and another test after admission was + + + 

It was difficult to get a statement as to the existence of a polyuria previous to 
the syphilitic infection, though that such may have obtained and become inten- 
sified subsequently is not excluded The patient’s trials in getting water to 
drink while a soldier in the front lines were particularly distressing 

Physical Examination — Little of importance was found There was no evi- 
dence of hypopituitary or hyperpituitary change 

Laboratory Examination — The urine was free from protein and sugar The 
blood gave 93 per cent hemoglobin, 4,260,000 red cells and 7,200 leukocytes, 
with polymorphonuclears 72 per cent , lymphocytes 26 per cent , and eosinophils 
2 per cent Systolic blood pressure was 104 mm , diastolic 62 mm , and pulse 
pressure 42 mm 

The cerebrospinal fluid obtained May 1 by lumbar puncture was under no 
increased pressure 1 , about 5 cc of clear fluid were drained The Wassermann 
test was negative, Noguchi + +, and the fluid contained no cells 

The roentgenogram of the cranium shows a somewhat enlarged sella turcica 
with processes sharply defined It is not to be regarded as abnormal 


* From the Chemical Research Laboratory of the Department of Theory 
and Practice of Medicine and Clinical Medicine, in cooperation with the 
Department of Home Economics and the Graduate College, the State Uni- 
versity of Iowa 
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In Table 1 as given a summary of the twenty-four hour observations 
on the output and concentration of the urine during the period the 
patient was in the metabolism ward On the first, sixth and seventh 
days, the nitrogen distribution in the urine was also determined 
With the exception of the first day, the urme was collected hourly dur- 
ing the day, but the night urme (from 7 p m to 7 a m or from 8pm 
to 8 a m ) was mixed and measured m toto Minimal and maximal 
specific gravities are therefore given The nitrogen intake is calculated 
from the protein of the diet The salt intake does not include the 
chlorid of the raw food, and, accordingly, a negative salt balance is 
shown No salt was used m the preparation of the diet, but the patient 
was permitted salt ad libitum from a weighed contamei The diet was 
essentially purm free and creatin free 


TABLE 1 — Summary for Twenty-Four-Hour Pfriods 


Urine 


Urine N 


Urine Nad 


Du 

water! 

Intake 

Vol- 

ume 

Sp 

Gr 

Food 

N 

Gm 

Per 

Cent 

NaCl 

Intake 

Gm 

Per 

Cent 


1 

10,820 

15,200 

1002 

1168 

11 25 

0 074 

3 45 

7 OO 

0 046 


2 

15,370 

16,800 

10O1 

12 16 

9 95 

0 060 

4 78 

6 76 

0 040 





1002 








3 

17,380 

18,605 

1 002 

12 80 

1015 

0 054 

5 70 

10 87 

0 058 

Lumbar puncture 




1003 








4 

25,000 

19 075 

1002 

12 64 

9 02, 

0 047 

8 21 

883 

0 046 





1003 








5 

8 590 

5,110 

1 001 

12 48 

816 

0159 

5 38 

9 22 

0180 

Pituitary extract 




1014 







hypodermically 

0 

4,120 

4,190 

1 002 

17 12 

7 74 

0185 

14 81 

3 25 

0 077 

Pituitary extract 




1 013 







hypodermically 

7 

8,860 

10,015 

1001 

12 96 

8 77 

0 082 

4 11 

13 57 

0129 





1 004 








8 

9,090 

11,975 

1001 

1312 

9 46 

0 079 

11 61* 

14 97 

0125 

Histnmin 0 2 mg 




1008 







hypodermically 

9 

11,200 

12,220 

1001 

13 44 

9 92 

0 088 

581 

9 73 

ooso 





1006 








10 


10,170 

1 002 

12 96 

9 85 

0 097 

4 92 

7 10 

0 070 

Dried gland by 




1007 







mouth 

11 


10,365 

1 002 

12 00 

8 88 

0 085 

4 49 







1005 








12 


9,100 

1002 

10 56 

7 74 

0 085 

4 42 

4 *i7 

0 050 

Dried gland by 




1006 







mouth 

13 


8 755 

1 001 

14 78 

8 93 

0102 

8 49 

10 09 

0115 





1 006 








14 


13,425 

1001 

16 00 



6 45 







1 004 








15 


10,245 

1001 

12 16 



3 60 



Diarsenol 




1006 








10 


9 020 

1 001 

11 20 



5 24 







1 004 








17 


9,405 

1002 

11 52 



3 20 







1004 








18 


10,385 

1002 

10 OS 



5 04 





i 


1006 








19 

1 

11 940 

1 002 







Glucose tolerance 




1 005 

1 






and diarsenol 


* Some sodium chlorid nas taken bj the patient m the afternoon “to relieve the 
headache ” 


The rather frequent association of polyuria with pathologic changes 
(e g , basal syphilitic meningitis) which might affect the hypophysis 
through compression, suggests that the relief of pressure might be 
accomplished by spinal puncture In a case reported by Herrick 1 the 
polyuria was relieved by lumbar puncture, the effect continued during 
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a month of observation Howevei, there was apparently no increased 
pressure of the cerebrospinal fluid and only 5 c c were removed The 
effect was manifested on the day following the puncture and still more 
so on the third day Berblinger 1 2 reported a case in which the volume 
of the urme was diminished following an operation for cerebral decom- 
pression Graham 3 presents a case in which the relief of pressure 
(caused by traumatic injury) was immediately followed by the cessa- 
tion of the polyuria and other symptoms Fitz 4 found that the lumbai 


TABLE 2 — Effects of Lumbar Puncture 


Day 3 
Hour 

Vol 

ume 

Sp 

Gr 

NaCl 

N 



Gm 

Per 

Cent 

Gm 

8 

810 

1002 

6 080 

0 648 

0 074 

0 595 


9 

710 

1 003 

0 006 

0 469 

0 063 

0 447 

Lumber puncture 

10 

500 

1002 

0 083 

0 465 

0 071 

0 400 


11 

900 

1002 

0 066 

0 594 

0 050 

0 447 


12 

875 

1 002 

0 054 

0 472 

0 051 

0 447 


1 

800 

1002 

0 046 

0 395 

0 052 

0 445 


2 

895 

1002 

0 037 

0 331 

0 051 

0 457 


3 

800 

1002 

0 046 

0 392 

0 052 , 

0 445 


4 

935 

1 003 

0 042 

0 393 

0 054 

0 504 


5 

875 

1 002 

0 040 

0 350 

0 050 

0 441 


0 

910 

1002 

0 0-41 

0 373 

0 061 

0 544 


7 

850 

1 002 

0 040 

0 340 

0 048 

0 410 



10 040 



5 223 


5 592 


7 7 

8,505 

4 002 

0 066 

5 650 

0 053 

4 557 


Dnj 4 








8 

940 

1002 

0 080 

0 752 

0 048 

0 454 


9 

885 

1 002 

0 046 

0 407 

0 038 

0 327 


10 

700 

1 002 

0 044 

0 333 

0 037 

0 282 


11 

840 

1002 

0 050 

0 420 

0 037 

0 312 


12 

885 

1002 

0 050 

0 443 

0 050 

0 446 


1 

010 

1002 

0 029 

0 178 

0 067 

0 410 


2 

845 

1 003 

0 034 

0 287 

0 053 

0 444 


3 

900 

1003 

0 027 

0 243 

0 047 

0 442 


4 

895 

1 002 

0 029 

0 280 

0 045 

0 403 


5 

818 

1002 

0 029 

0 236 

0 047 

0 384 


0 

900 

1002 

0 034 

0 300 

0 053 

0 479 


7 

890 

1002 





Specimen mixed in 7 7 


10,085 







7-7 

8,990 

1002 

0 050 

4 940 

0 047 

1 

4 634 

Analyses include 7pm 


ouncture was ineffective in his case, and Barker and Mosenthal 5 report 
likewise In Williams’ 6 case, some relief was obtained, but for the day 
following the puncture only 

In our case, the polyuria was not alleviated by spinal puncture In 
fact the twenty-four hour output of urme on the day of the puncture 
and on the following day was actually increased over the preceding 
observations (Tables 1 and 2) Nor were there any particular changes 
m the amounts and concentrations of the hourly specimens 


1 Herrick, J B Arch Int Med 10 1 (July) 1912 

2 Berblinger Verhandl d deutsch path Gesell 16 273, 1913 

3 Graham, E A J A M A 69 1498 (Nov 3) 1917 

4 Fitz, R Arch Int Med 14 706 (Dec ) 1914 

5 Barker, L F, and Mosenthal, HO Tr A Am Phys 32 233, 1917 

6 Williams, J R Endocrinology 1 312, 191 7 
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The subcutaneous injection of 1 cc of pituitary extract (Parke, 
Davis & Co , obstetrical pituitnn) resulted m a marked fall in the 
amount of urine secreted by our patient and an increase in the concen- 
tration The maximum effect occurred during the third hour (Table 3, 
Day 5) A second injection early in the evening reduced the diuresis 
•during the night The administration of the pituitary extract at 8 a m 
the following morning brought the volume down to 37 c c for the fifth 
hour (Day 6) A final injection was given at 6 p m and was followed 
hy an immediate fall to 55 c c for the succeeding hour The 4,190 c c 
urine obtained this day indicate that the two injections per day were 
insufficient to control the diuresis completely 


TABLE 3 — Effects of Pituitary Extract Givfn Subcutaneously 


Day 5 
Hour 

Yol 

ume 

Sp 

Gr 

NaCl 

N 


Per 

Cent 

Gm 

Per 

Cent | 

Gm 

9 

815 

mm 


0 611 

mm 

0 367 


10 

8G0 



0 628 


0 343 


11 

725 



0 638 

■gifl 

0 326 

1 c c pituitary extract nt 10 20 

12 

75 

wiWm 

0 552 

0 414 

■ms 

0 415 1 


1 

57 

1014 

0 420 

0 239 

SriS 

0 379 


2 

92 


I 0 340 

0 313 

0 406 

0 374 1 


3 

150 


0 270 

0 405 

0 364 

0 546 


4 

273 



0 505 

0193 

0 527 


5 

170 

1003 

0185 

0 315 

0 207 

0 352 


6 

235 


| 0105 

0 388 

0180 

0 423 


7 

255 

1003 

0125 

0 319 

0165 

0 421 


8 



0190 

0 494 

0 260 

0 706 

Ice pituitary extract at 7 30 


3 967 



5 269 


5179 


88 

1,145 


0 300 

3 435 

0 241 

2 757 



Each injection was followed by an immediate peripheral vasocon- 
striction and abdominal cramps The patient’s skm became moist He 
could spit, and could swallow his food without washing it down with 
water as had been his custom The intense thirst, general discomfort, 
pains in the back, etc , were immediately relieved His appetite was 
marked, and more food was given him at his request on the second 
pituitnn day (Day 6) In addition to the large nitrogen intake, the 
greater voluntary consumption of salt on this day is of interest The 
blood pressure was taken at 1 p m on the sixth day when the greatest 
antidiuretic effect was evident The systolic pressure was 106 mm , 
■diastolic 64 mm , and pulse pressure 42 mm 

The very positive but transient effects of pituitary extract injections 
are in accord with the findings reported in the literature 7 


7 Von den Velden, R Berl klm Wchnschr 50 2083, 1913, Fermi, F 
Wien klm Wchnschr 26 1867, 1914, Romer, C Berl klm Wchnschr 40 
108, 1914, Hoppe-Seyler, G Munchen med Wchnschr 62 1633, 1915, 
von Konshegg, A, and Schuster, E Deutsch med Wchnschr 41 191, 1916, 
Bab, H Munchen med Wchnschr 63 1685, 1721, 1758, 1916, Rosenbloom, J 
J A M A 70 1292 (May 4) 1918, Motzfeldt, K Boston M & S J 174 
644, 1916, Clausen, S W Am J Dis Child 16 195 (Sept) 1918, Kennaway, 
E L, and Mottram, J C Quart J Med 12 226, 1919 
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In connection with the questionable identification of histamm as the 
active principle of the posterior lobe of the hypophysis (Abel and 
Kubota 8 ), it is of interest to note that tincture of ergot and “ergotm” 
have been used in the treatment of diabetes insipidus with some benefit 
(Futcher 9 ) Again, Motzfeldt 10 found that a preparation of ergot had 
an inhibitory effect on diureses induced in rabbits, and he also obtained 
similar results with histamm and tyramm 

The administration of 0 2 mg of histamm (Burroughs, Wellcome & 
Co ) has resulted in a definitely positive reduction of the volume and 
m an increased concentration of the urine (Table 4) As compared 
with pituitary extract, the l esults may be expressed relatively , while 
the pituitary exti act increased the concentration of the sodium chlorid 
and the nitrogen of the urine six and fifteen times, respectively, the 
histamm effected a concentration of three and six times only 


TABLE 4 — Effects of Histamin Injection 


Day 8 
Hour 

Vol- 

ume 

Sp 

Gr 

NaCl 

N 


Per 

Cent 

Gm 

Per 

Cent 

Gm 

9 

480 

mm 

0 092* 

0 483* 

K Rj9| 

0 300* 


10 

570 


0 092* 

0 483* 


0 300* 


11 

350 

llOM 

0112 

0 392 

mnzim 

0 343 

Histamm 0 2 mg at 10 20 

12 

105 

1 008 

0 320 

0 336 

rnnrm 

0 391 


1 

300 

1002 

0 090 

0 270 

wrrm 

0 370 


2 

710 

1001 

0 080* 

0 532* 

0 0S7* 

0 577* 


3 

020 

1 002 

OOSO* 

0 532* 

0 087* 

0 577* 


4 

420 

1 002 

0 144* 

0 669* 

0 101* 

0 469* 


5 

510 

1002 

0144* 

0 669* 

0101* 

0 469* 


6 

480 

1 003 

0136* 

0 925* 

0 070* 

0 479* 


7 

880 

1 002 

0 136* 

0 925* 

0 070* 

0 479* 


7-7 

5.9S0 

1003 

0136 

8133 

0 073 

4 353 


8 

580 

1004 

010S 

0 626 

0 061 

0 358 



11,985 



14 976 


9 465 



* Average per hour for 2 hour period 


A general peripheral vasodilation immediately followed the injec- 
tion, the subsequent severe headache and general prostration lasting 
until evening are seemingly characteristic of histamm (Popielslu xl ) 
and are widely variant from the effects of the pituitary extract The 
administration of the histamm caused so much discomfort to the patient 
that the experiment was not repeated 


8 Abel, J J, and Kubota, S J Pharmacol & Exper Therap 13-243, 
1919, Dudley, H W ibid 14 295, 1919, Jackson, D E, and Mills, C A 
Lab & Clin M 5 1, 1919, Hanke, M T, and Koessler, K K J Biol Chem 
43 557, 1920 

9 Futcher, T B Tr A Am Phys 19 247, 1904 

10 Motzfeldt, K J Exper M 25 153, 1917 

11 Popielski, L Arch f d ges Physiol (Pfluger) 178 237, 1920 
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The results are interpreted as indicating that histamm is not the 
active principle of the pituitary gland However, the antidiuretic sub- 
stance is probably some related compound, as suggested by Kennaway 
and Mottram We understand that Rowntree has failed to duplicate 
the action of pituitary extracts in diabetes insipidus by injections of 
histamm 


TABLE 5 — Effects of Dried Whole Gland Given by Mouth 


Day 

10 

Hour 

Vol 

umc 

Sp 

Gr 

NaCl 

N 


Per 

Cent 

Gm 

Per 

Cent 

Gm 

9 

360 

1 004 

ooss 

0 317 

0 079 

0 285 


10 

590 

100S 

0 088 

0 519 

0 097 

0 584 


11 

540 

1 002 

ooso 

0 432 

0088 

0 473 

Dried gland, 3 grains by mouth 

12 

270 

1 005 

ooso 

0 216 

0160 

0 432 

Dried gland, 3 grains by mouth 

1 

500 

1 002 

0 056 

0280 

0115 

0 575 


2 

300 

1 004 

0 056 

0 202 

0 094 

0 338 

Dried gland, 3 grains by mouth 

3 

no 

1002 

0 048 

0 341 

0096 

0 684 

Dried gland, 3grains by mouth 

4 

165 

1 007 

0150 

0 248 

0 220 

0 362 


5 

320 

1 004 

0 088 

0 282 

0136 

0 445 


0 

120 

1 007 

0104 

0125 

0 253 

0304 


7 

405 

1003 

0 050 

0 203 

0114 

0 462 


7-7 

5,470 

1 002 

0068 

3 720 

0 084 

4 595 


8 

360 

1004 

0 060 

0 216 

0 08S 

0 315 



10,170 



7101 


9 852 1 


Day 








11 









820 

1002 

0 048 

0 394 

0 072 

0 587 


u 

615 

1 002 

OOSO 

0 492 

0 072 

0 443 


12 

350 

1 004 

0092 

0 322 

0 095 

0 331 


1 

345 

1003 

0 080 

0 276 

0097 

0 333 


2 

520 

1003 

0090 

0 468 

0 085 

0 444 


3 

745 

1 002 

0 056 

0 417 

0 082 

0 608 


4 

465 

1002 

0 066 

0 307 

0 092 

0 430 


5 

575 

1 002 

0 080 

1 0 460 

0 089 

0 511 


6 

285 

1 004 

0 060 

0151 

0116 

0 331 


7 ! 

465 

1 003 

0 052 

0 242 

0130 

0 592 


7-7 

4,850 

1 003 



0 084 

3 874 


8 

330 

1 OOj 

0160 

0 528 

0120 

0 395 

) 


10,365 




li 

8 880 



Essentially negative results are reported throughout the literature 
as the result of administering pituitary preparations by mouth m dia- 
betes insipidus Barker and Mosenthal state that the administration of 
the extract of the posterior lobe by mouth in tablet form, even in fairly 
large doses, did not prove to be of value Motzfeldt, however, was able 
to check the diuresis in one case by feeding the fresh posterior lobe of 
the ox Kennaway and Mottram gave 1 c c of pituitary extract by 
mouth twice daily over a period of eight days with no appreciable 
lessening of the polyuria 

It is probable that the active substance of the posterior lobe of the 
hypophysis is destroyed in the alimentary tract Thus, while Dale 12 
failed to alter the activity of the extract of the gland by peptic diges- 


12 Dale, H H Biochem J 4 427, 1909 
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tion m 0 2 per cent hydrochloric acid for twenty-four hours, every 
active preparation of trypsin tried reduced the effects on blood pressure 
and urinary flow (Schafer) practically to ml after a few hours 

There is a definitely diminished volume and increased concentration 
of the urine collected hourly as the result of giving by mouth compara- 
tively large amounts of the dried whole gland (Table 5, Day 10), though 
the effect is not great The continued administration by mouth of the 
dried whole gland (25 grains) over a twenty-four hour period on the 
twelfth day was hardly more favorable 

It is of interest to note that following the first subcutaneous injec- 
tion of pituitary extract, the daily output of urine fell from over 15,000 
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Diabetes insipidus hourly urine concentrations The sum of the sodium 
and chlorm percentages are plotted as decigrams per 100 c c of urine 

c c to about 10,000 c c , and the concentration relatively increased 
There is undoubtedly a slight beneficial effect which persists for some 
days after pituitrm administration That this may be manifest when 
pituitary preparations are given by mouth is indicated , exclusive of the 
days when pituitary extract was given subcutaneously, the least twenty- 
four hour elimination occurs on the thirteenth day 

Kennaway and Mottram conclude that the sum of the nitrogen and 
chlorm percentages m the urine must be proportional to a very large 
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fraction of the total urinary solids, since the sulphates, and m part the 
phosphates (as products of protein metabolism), will vary m the same 
manner as the nitrogen Their curve shows a very close parallelism 
between the A of the daily uimes and the nitrogen plus chlorin in grams 
per cent “When large amounts of sodium chlorid are given, the 
diuresis is so adjusted that the percentage of nitrogen plus chlorin in 
the urine remains unaltered ” 

Hourly concentration curves of the twenty-four hour urines of our 
case show this same constancy during the day except for a relatively 
greater concentrating power in the early morning hour, as shown in the 
accompanying illustration The comparative effects of pituitary extract 
and histamm on the power of the kidneys to concentrate are brought 
out in a striking manner 


TABLE 6 — Nitkogi n Partition and Errrcrs or Pituitary Injtction 


Day 

Pood 

N, 

Gm 

Total 

N 

Gm 

Urea 

N 

Ammonia 

N 

Uric Acid 

N 

Crcatinin 

N 

Undetermined 

Is 

Gm 

Per 

Cent 

Gm 

Per 

Cent 

Gm 

Per 

Cent 

Gm 

’ 

Per 

Cent 

Gm 

Per 

Cent 

1 

1168 

11 25 

7 69 

68 4 

0 84 

75 

0 22 

1 8 

mm 

4 5 

200 

mm 

6 

17 12 

7 74 

5 60 

72 2 

0 71 

92 

0 29 

88 


52 

0 67 


7 

12 96 

8 77 

5 75 

65 7 

0 94 

10 7 

0 20 

22 

m 

57 

1 38 

Ea 


Pituitarj extract injections, two doses, 1 c c each, ncre given Day 6 


Figures for the composition of the urine in diabetes insipidus are 
limited chiefly to the determination of total nitrogen and sodium 
chlorid as evidence of the concentrating power of the kidneys The 
results for total nitrogen have been essentially normal Hawk 13 has 
shown that the consumption of large amounts of water affects the 
nitrogen metabolism in normal persons , similar changes, at least, might 
be expected in diabetes insipidus Table 6, Day 1, shows that high 
total nitrogen, ammonia nitrogen, and undetermined nitrogen figures 
obtain A lessened elimination and a considerable retention of nitrogen 
occurred on the sixth day, the second pituitary extract day , the nitrogen 
partition on this day is more normal in character On the post-pituitary 
extract day (Day 7), there was a tendency to revert to the picture for 
the first day The first pituitary extract day (Table 1, Day 5) shows 
a low total nitrogen also There was no creatmuria Uric acid is rather 
high for a nonpurm diet, and is increased on the pituitary extract day 
despite the diminished water excretion 

Rosenbloom and Price 14 reported figures for the nitrogenous and 
mineral metabolism m a boy with diabetes insipidus 


13 Hawk, P B Biochem Bull 3 420, 1914 

14 Rosenbloom, J , and Price, H T Am J Dis Child 12 53 (July) 1916 
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The figures obtained for the several blood constituents are given 
in Table 7 

There is hypoglycemia and a high uric acid content Other constitu- 
ents are normal 

Very high blood uric acid figures are reported by Hammett, Patten, 
and Suitsu 16 as a physiologic reaction to pituitary extract administra- 
tion in nonendocnne cases Socm and others have found that the A 
and the sodium chlond content of the blood serum are essentially normal 
in diabetes insipidus Williams reports high blood fat and blood 
cholesterol m his case 

Blood glucose determinations (Benedict) on the nineteenth day 
before and two hours after the ingestion of 100 gm glucose were 
0 093 and 0 092 per cent , respectively , with the modified method 
(Table 7, note), the figures were 0 073 and 0 064 per cent, respectively 
Urine specimens collected hourly were negative for sugar (Fehling) 


TABLE 7 — Composition or the Blood (Subsequent to 
Pituitrin Administration) 


1 

Bay 15 


Bay 20 

Urea nitrogen 

9 1 mg 

11 9 mg 


Oreatimn 




Uric acid 

4 0 mg 

7 4 mg 

3 0 mg 

Plasma sodium ehlorid* 

64 4 mg 



Glucose (Benedict), per cent 




Glucose (modified Benedict)! 




Plasma proteins, per cent 

6 08 




* 4 cc plasma, 10 cc water, and 7 cc saturated iron alum solution made up to 25 c c , 
and heated in the boiling water bath The precipitated proteins were filtered off To the 
filtrate (175 cc), 25 cc of standard silver nitrate solution (Volhard-Arnold) and two drops 
of concentrated nitric acid nere added, and 15 c c of this filtrate were titrated with the 
standard thiocyanate solution 5 fold diluted The sample was not collected under paraffin 
oil 

t After adding 0 25 c c of dilute sulphuric acid to the blood before precipitating with the 
sodium picrate picric acid reagent, and using 1 1 e c of sodium carbonate solution for the 
reduction 


Sugar tolerance tests have been employed by Romer, Motzfeldt, 
Richter 17 and Schnabel and Gerhard 18 A normal or increased toler- 
ance is indicated by these observations 

The patient did not remain in the hospital long enough for a more 
complete study or for additional and satisfactory syphilitic treatment 
But two injections of the diarsenol brand of arsphenamm were given, 
one the day previous to leaving the hospital Indirect word wa^ 
received from the patient subsequently that no relief from the polyuria 
had obtained 


15 Myers, V C , and Short, J J J Biol Chem 44 47, 1920 

16 Hammett, F S , Patten, C A, and Suitsu, N Am J Physiol 41* 
588, 1920 

17 Richter, G J J Missouri M A 13 308, 1916 

18 Schnabel, T G , and Gerhard, A M New York M J 111 812, 1920. 
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Contrary to earlier opinions, Eisner 19 states that he has not been 
able to control the complex in these cases by specific treatment Romer 
and also Fitz report that syphilitic treatment had no noticeable effects 
in their respective cases 

SUMMARY AND CONCLUSIONS 

A severe case of diabetes insipidus with chronic syphilis was 
studied 

The symptoms were not relieved by lumbar puncture 

The subcutaneous administration of pituitary extract (doses, 1 cc 
each, of the obstetrical preparation) was effective temporarily in 
increasing the concentration and reducing the volume of the urine, as 
reported by other observers A normal twenty-four hour volume and 
concentration were not obtained 

Histamm (1 injection of 0 2 mg ) gave a similar but less effective 
result It is probably not the active principle of the pituitary gland 

Desiccated whole pituitary substance in four 3 grams doses by 
mouth had a slight immediate effect 

On the day following the first injections of the pituitary extract and 
on subsequent and intervening nonpituitary extract days, there was a 
maintained decrease m the polyuria from over 15 liters to about 10 
liters per day and a relative increase in the concentration of the urine 

Nitrogenous metabolism (over twenty-four hour periods) is affected 
in part as m the case of a normal person with a large water intake 
(Hawk) High ammonia, uric acid, and particularly undetermined 
nitrogen figures, were obtained, there was no creatmuria As the 
result of pituitary extract injections, there was a lower nitrogen elimina- 
tion with considerable retention, diminished ammonia and undetermined 
nitrogen, and a somewhat increased uric acid output , the nitrogen par- 
tition was more nearly normal 

Glycogenesis was not reduced There was hypoglycemia Blood 
urea, creatmm, plasma chlorids, and total plasma proteins were normal 
The very high blood uric acid figures obtained may be explained as an 
effect similar to that of pituitary extract administration in nonendocrme 
cases 

We wish to thank Dr F H Lamb of Davenport, Iowa, by whom the case 
was referred to Dr C P Howard for study The diets were calculated and 
prepared by Miss Gertrude Wlnteford 


19 Eisner, H L Monographic Medicine i' 1123, 1916 



INFLUENZA PANDEMICS DEPEND ON CERTAIN 
ANTICYCLONIC WEATHER CONDITIONS 
FOR THEIR DEVELOPMENT 

C M RICHTER, MD 

SAN FRANCISCO 

SYNOPSIS 

Air pressure records (1826-1920) exhibit the fact that high pressure 
periods, lasting a number of years, vary with similar periods of low 
air pressure Changes in solar activity harmonize with and apparently 
cause such pressure periods Influenza pandemics and pneumonia 
epidemics develop only during high pressure periods Influenza pan- 
demics of 1890, 1891, 1918, 1919 and 1920 prove this fact as far as 
records are obtainable for the Northern Hemisphere and probably also 
for the Southern Hemisphere All these epidemics come to a more 
or less sudden erKPlollowing the advent of distinctly low air pressure 
Records of cities in a- highly diversified climate, as, for instance, Cali- 
fornia represents, prove that no meteorologic element, except air pres- 
sure, runs parallel to the development of influenza or pneumonia 
epidemics Since it is definitely proven that these epidemics are a 
function of anticy clonic weather values, we must extend our laboratory 
work to an investigation of the physics of the atmosphere The prop- 
osition is, whether the atmosphere during those epidemics acts as the 
carrier of a certain virus, or whether its physicochemical quality, 
changed during such weather periods, is the cause of influenza 

H >i- * * 

The relation of climate or weather to health, and especially to the 
incidence of pneumonia and influenza epidemics, always has been a most 
difficult problem for the investigator The people living on the conti- 
nents experience a climate which changes almost hourly in temperature, 
humility and other meteorologic elements There is a constant move- 
ment of the air that surrounds us On the continent of Europe and 
on the 1 area of the United States the air is generally moving from the 
West to the East This movement is subject to a change m its direc- 
tion, for instance, by the occasional influx of gigantic masses of air, 
generally coming from a northerly direction, but also descending from 
considerable height Such inflowing air may cover the entire continents 
and assemble there for a number of weeks, without any tendency to 
resume the easterly direction As increase of air pressure is necessarily 
incidental to such air assemblage, and as the mechanical effect of such 
pressure has been considered negligible, the influence on health of this 
meteorologic factor has been generally disregarded m fa^oi of tern- 



362 ARCHIVES OF INTERNAL MEDICINE 

perature and humidity as the principal factors affecting health If we 
scrutinize the foundation for the latter assumption on areas of the 
continents which are not subject to any material change of tempeiatuie 
and humidity from summer to winter, as for instance, on the coast 
area of California, from San Francisco to San Diego, it becomes clear 
that the so-called "cold weathei diseases” or respiratory diseases are 
not a function of temperature and humidity, but are dependent on 
certain high air pressure conditions This fact, abundantly proven on 
such areas, 1 eliminates temperature and humidity as impoitant factors 
As humidity has lately been put into the foreground as a more impor- 
tant factor than temperature, it is of special interest that in such parts 
of the continents where humidity is veiy low we find exactly the same 
development of ‘‘respiratory diseases” as on very humid areas For 
instance, the incidence of pneumonia epidemics m concentration camps 
of the U S Army from 1917 to 1919 proved that camps with a 
monthly relative humidity of below 50 pei cent had the same incidence 
as camps with a relative humidity above 80 per cent , that camps in 
Southern California and Texas, with a maximum of sunshine, had 
the same incidence as those on the Atlantic coast However, all of the 
camps m the United States were subject to the incidence of pneumonia 
epidemics, whenever they happened to be under the influence of certain 
high air piessure conditions 

Since the appearance of the influenza pandemic of 1889, we have 
had a number of references in literature 2 3 to the appearance of high 
pressure periods simultaneously with the outbreak of influenza A 
study of such periods became imperative Anticyclones are formed 
in the rear of extensive cyclones by the discharge of immense, cold 
masses of air into lower latitudes s An area of high pressure results 
If the cyclone ahead of this area retards its procession, then a moie 
or less stationary anticyclone is formed In its center the air is descend- 
ing bjr gyration and flowing outward everywhere m its circumference 
Its rate of progress is about 41 kilometers pei hour in the United 
States and 25 kilometers in Europe (46 kilometers for the cyclones) 
Such an anticyclone may remain stationary, however, for from one 
to four weeks over the entire United States, or the entire area of 
Europe Differing from these originally cold anticyclones there appear 
sometimes others of likewise long duration, which are dynamically 
warm from the beginning, and which appear to have their origin m 
the upper circulation of the atmosphere They aie of rather rare 
occurrence and extend probably into the substratosphere (from 5 to 

1 Richter, CM J A M A 36 188 (Aug 4) 1894 

2 Richter, CM J A M A 51 660 (Aug 22) 1908, 57 1964, (Dec 16) 

1911 , Anders, H S Philadelphia M J , Jan 24, 1903 

3 Hann, J Lehrb der Meteorologie, 1915, p 624 
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9 kilometers) (The so-called troposphere extends* from about 1 to 
5 kilometers, and the stratosphere from 9 to 15 or more kilometers) 

Our weather conditions do not depend, in reality, on cyclones and 
anticyclones, but on the great air currents m the substratosphere, which 
determine the dynamics of the atmosphere 4 The entire weather sys- 
tem of the United States, for instance, according to Bigelow, 5 6 varies 
systematically with the variation of sun protuberances and sun spots 
An increase of solar activity brings the cyclones into lower latitudes, 
increases the east drift of the upper air currents, lowers the temperature 
and increases the air pressure (lowers it at the equator) Koppen 0 
declares that we possess in the eleven year sun-spot period the first 
directly proven period of weather conditions, even if not parallel to 
year or day Naturally, this eleven year period must also be m direct 
relation to air pressure variations on our continent Nansen 7 sum- 
marizes thus In different groups of areas on the earth the meteoro- 
logic elements (temperature, rainfall, barometric pressure, etc ) fluc- 
tuate, or pulsate, so to speak, in time with one another, while in other 
groups of areas the fluctuations or pulsations are exactly inverted, and 
finally some areas show transition stages between the two The result 
of all this is a very complicated picture of the meteorologic fluctuations 
But by means of appropriate analysis we see that from this complicated 
and apparently chaotic set of fluctuations there arises a clear picture 
of the very intimate relation between all these variations, and the varia- 
tions in the sun’s activity We have seen that even changes of very 
short duration in the sun’s radiation (of heat as well as electricity) are 
distinctly repeated in our meteorologic conditions The effects of the 
solar variations are probably transferred by means of variations pro- 
duced in the distribution of pressure in our atmosphere Changes in 
solar radiation probably first affect the higher layers of our atmosphere 
and thus create an unrest, which in turn is transmitted to the lower 
strata near the earth’s surface Such dynamic changes will produce 
different effects in different regions of the earth Richter 8 demon- 
strated m 1892 this dorrelation of air pressure and sun-spot periods 

Anticyclones in the United States present four types 9 

1 Appearing off the Pacific coast, 10 generally spring and fall, (a) 
off the coast of Washington and Oregon , (b) off the coast of California 

2 Alberta type (Southwestern Canada) west of the hundredth 
meridian 

4 Shaw, W H Meteorolog Ztschr , 1914, p 67 

5 Bigelow, F H Am J Sc, August, 1910 

6 Koppen, W Meteorolog Ztschr, 1914, p 327 

7 Nansen, F J Washington Acad Sc , March 4, 1918 

8 Richter, C M Meteorolog Ztschr, August, 1892 

9 Bowie, E H, and Weightman, R H Monthly Weather Rev, Supple- 
ment 4, 1917 

10 De C Ward, R Ann Assn Am Geographers 4 1915 
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3 Rocky Mountains — Plateau Region type ’ 

4 Hudson Bay Type, east of the hundredth meridian, region of 
the Great Lakes 

During the years 1892 to 1912 (inclusive) 1,937 anticyclones and 
2,597 cyclones entered the United States 

The following figures give the number of the different anticyclonic 
types registered during this period 

1 (a) North Pacific, 383 16, (b) South Pacific (California), 192 

2 Alberta, 947 

3 Plateau and Rocky Mountain Regions, 272 

4 Hudson Bay, 143 

Their average speed of progression was 22 7 miles per hour “These 
anticyclones generally move east by south, whilst the cyclones move 
east by north inside the United States The frequency of anticyclones 
is greatest in January and least in June The Alberta Highs not 
infrequently in the winter months move almost due south to the West 
Gulf states ” 9 As we see, nearly all of the anticyclones appear north 
of latitude 46° and west of the hundredth meridian "Of 81 anti- 
cyclones of more than 787 mm (31"), in America and Europe- 
Asia (1877-1844) one appeared in October, 8 in November, 34 in 
December, 29 in January, 4 in February and 5 in March ” 3 

In Europe four types are recognized 11 They are called according 
to origin 

1 Spanish 

2 Russian-Sdandmavian 

3 Central European 

4 Iceland 

The Spanish anticyclone is part of the constant subtropical Atlantic 
Ocean High, central over the Azores It extends northerly in summer, 
sometimes as far as Iceland, but its branches at other times reach 
Scandinavia on their path across continental Europe The Azores 
High m some years may extend easterly to such an extent that one of 
the great, stable, dynamic Highs is created, locating over the area 
of Europe for many weeks The Russian-Scandmavian Highs are 
typical continental anticyclones, having their nucleus m Siberia, Turke- 
stan or China Air pressure inside their area may reach 800 mm , 
while the Spanish type may reach 775 mm The Iceland Highs prob- 
ably originate m Greenland, while the Central European Highs appear 
to be parts of the Russian or Azores Highs 

In an extensive air pressure study, covering the years 1826 to 
1885, Hann 12 demonstrates that periods of very high air pressure 

11 Dreis, J Meteorolog Ztschr , Feb 1, 1915 

12 Hann, J Die Vertheilung des Luftdrucks uber Mittel- u Sud Europa, 
Wien, 1887, p 110 
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appear only at great intervals Such a period existed from 1832 to 
1836 in Middle Europe, extending from Petersburg to Warsaw, to 
Hungary, Pans, Basel and Palermo It was a period of enormously 
high pressure, not equaled again before 1885 However, Petersburg 
had very high pressure again in 1839 and 1840 Another fact elucidated 
by Hann was the existence of a period of distinctly low pressure extend- 
ing from Warsaw to Palermo from 1851 to 1855 A long period of 
high pressure followed from 1856 to 1864 The years 1874 to 1878 
represented a low pressure period We have no reliable pressure data 
for the United States before 1873 It appeared to Hann that the 
maximum pressure progressed from North to South Hann’s table 
also suggests that the years from 1842 to 1847 were a low pressure 
period, from 1847 to 1851 being a higher pressure period, and an 
increasing pressure after 1880 Hann notes the existence of a con- 
tinuous rise of pressure during January in all years from 1826 to 1885, 
while pressure during April declined He finds that deviations of pres- 
sure from normal have the same intensity and the same general charac- 
ter over the entire area of Europe 

The same fact is exemplified over the area of the United States 
It has been made a special study by F H Bigelow, 13 who found that 

The secular variations of the barometer from year to year are by no means 
accidental, but a phenomenon of definite proportions The years of maximum 
pressure (over the United States) are 1874-75, 1882-83, 1890, 1896-97 and those 
of minimum pressbre are 1878, 1884-85, 1893, with an interval of about eight 
years each The years of depression seem to have a wider amplitude than 
the years of maximum Between the successive large minima there is usually 
a large maximum broken in two parts by a minor minimum, as in 1876, 1881, 
1889, 1895 These minor depressions are not so persistent throughout the 
entire United States as the strong minima, and in fact some years there seems 
to exist a powerful and persistent directive impulse, that really dominates 
the prevailing pressure In seeking the causes of this phenomenon, one may 
suspect purely cosmical causes due to the variable solar output, indeed, these 
barometric variations do closely follow the variations in the sunspot frequency 
and the other products of the sun’s variable activity It is evident that we 
can now correlate the years which have similar secular variations and study 
them climatologically to see if there are any marked and prevailing features 
which characterize them 

Bigelow’s study embraces the years from *1 873 to 1899 Since then 
years of minimum pressure have been 1901, 1902, 1909 and 1915 with 
minor minima in 1905, 1907 and 1912 The maximum pressure years 
extend continually from 1903 to 1908 and then from 1910 to the 
beginning of 1915 The last increase begins at the end of 1917 and 
extends into 1920 The North Dakota Station, Bismarck, seems to 
act as the key to this long series of high pressure years, showing a 
rise of pressure from 1878 to 1919 It is the gate for the Alberta 

13 Bigelow, F H Kept Chief of Weather Bureau 2 1900, 1901 
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Highs which enter the United States in that region and then sweep 
over the United States m a southerly and southeasterly direction 
Figure 1 shows, in accordance with Bigelow’s findings, that certain 
years of minimum or maximum pressure are very clearly indicated 
by each station of the chart, most conspicuously for 1878 As Bigelow 
remarks “The residuals of that year are persistently minus, 0 05 
inch, for each station of the United States for 1883 they are persis- 
tently plus, about 0 02 inch This means a relative reduction, or 
increase of air pressure, representing a weight of many million tons 
of air covering the United States ” 

If we follow the pneumonia mortality line m Figure 1 we are struck 
at once by the remarkable fact that the period of low pressure from 
1875 to 1879 corresponds with a well marked trough in the mortality 
curve The low pressure period from 1884 to 1885 also harmonizes 
well with a diminished pneumonia mortality The 1893 Lows are 
generally followed by the mortality line in the same, or the following 
year There is very well marked harmony between the two curves 
during the “Low” period of 1901-1902, likewise in 1909 and 1915 
These are the principal “Low” periods The United States curve 
also indicates low mortality during 1901-1902, in 1908-1909 and in 1914 
It also gives an intermediate depression in 1905, which is likewise clearly 
indicated in the air pressure Low 

The principal air pressure maximum period m 1874-1875 harmo- 
nizes with the mortality peak in 1875 The general air pressure rise 
in 1879 is followed by the general rise of mortality, and both curves 
extend with this character during the High of 1882-1883 An irregular 
rise of both curves follows with an intermediate common peak at 1888 
A more definite period of high pressure begins at 1890 — the beginning 
pandemic — with peaks common also to the pneumonia mortality in 
1890, 1891, 1893, 1895, 1896, 1897, 1899 and 1900, when the Low 
period appears The general rise of pressure from 1903 to 1908 
exhibits a greater common rise in 1903, still more in 1904, in 1907 
and after the Low of 1908-1809 m 1910-1911 A following High 
period from 1911 to 1915, has common peaks at all cities, although of 
an irregular type The United States curve has well outstanding peaks 
at 1900, 1904 and 1907 After 1915 we notice a general rise of both 
curves leading into 1918, when the new pandemic begins at the second 
half of that year, following a period of unusually low pressure at the 
beginning of 1918, which is for this reason only not accompanied by 
a distinctly high pressure line for that year The United States curve 
likewise rises clearly since 1915 It is obvious, that any conclusions 
that might be formed from this chart, may have to be qualified in 
regard to the accuracy of the mortality statistics We may accept the 
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air pressure statistics as being practically free from great errors, but 
not those giving pneumonia mortality 

The census figures, for instance, differ in some cities matenally 
from those of their health boards Perhaps a reduction in the mor- 
tality line since 1900 is to be attributed somewhat to the policy of the 
“Census” to eliminate many cases of pneumonia, that had been classi- 
fied under “primary cause of death ” Great errors may also occur 
by the estimation of population However, there remains a coincidence 
of gigantic departures of air pressure and gigantic pandemics Our 
largest cities exhibit the same general tendency of rise and fall of 
both curves during definite periods of many years, and this by means 
of an annual air pressure curve that necessarily cannot elucidate the 
relation of cause and effect as a daily air pressure curve Mean figures 
may be extremely misleading in certain years St Louis and San 
Francisco have the same mean annual temperature The extremes of 
summer and winter m the former city permit of wrong conclusions 
in this comparison Similarly low pressure periods at the beginning of 
1918 and developing again toward the end of the year reduce the avei- 
age pressure of the year sufficiently to conceal the unusual anticyclomc 
activity occurring between the two periods of low pressuie However, 
the general agreement in rise and fall of the two curves may at once 
suggest certain possibilities, as a rise of mortality following only certain 
types of anticyclones For instance, so-called wandering anticyclones 
may constitute a positive departure of pressure m some years with a 
physiologic oi pathologic influence on animal life different from that 
caused by the dynamic anticyclones as they appeared during the differ- 
ent pandemics Only a careful perusal of daily air pressure conditions 
as presented on the other charts will give a proper understanding of 
possible cause and effect The San Francisco charts are especially 
illuminating in that respect 

I may add here, that as Hann’s 12 figures proved for the period 
from 1826 to 1885, likewise the evidence given by Richter 1 and 
Anders 2 corroborates the simultaneous appearance of unusually high 
barometric pressure during the influenza period from 1889 to 1897 
The cities in Europe, generally, show the same years of minimum 
pressure, 1878, 1885, 1893, 1901-1902, and the same years of maximum 
as the United States, 1874-1875, 1882, 1889-1890, 1897-1898, 1905- 
1908 It should be noted here, that Lockyear 14 proved that in certain 
years the southern hemisphere is affected generally in the same months 
by high pressure conditions as is the northern 

Figure 2 shows that the different cities (Pacific Coast cities gen- 
erally included) are exhibiting the same type of Low or High at the 


14 Lockyer, N , and Lockyer, W T S Proc Roy Soc Lond , October 1902 
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same time — with a difference of, perhaps, only one or a few days 
This uniformity is remarkable, and is equal to the uniformity found 
by Hann for Middle Europe However, the extent of increase and 
decrease of air pressure m certain Lows and Highs seems extreme 
m the more northern cities, compared to those m lower latitudes This 
is well explained by the record of the variability of the mean monthly 
pressure m different latitudes, following Hann 3 


TABLE 1 — Mean Monthly Pressures in Different Latitudes 


Latitude, degrees N 

60 

56 

52 

48 

46 

43 

38 

32 

20 

Mean variability, mm 

3 06 

292 

2 58 

2 34 

1 95 

1 80 

1 48 

1 00 

0 40 


The air pressure conditions existing before and during the last 
influenza pandemics in the United States are outlined as follows in the 
different Monthly Weather Reviews (U S Weather Bureau) 

August , 1918 — “Pressure was high on several occasions on the 
West Coast, but there was no progressive movement (two stationary 
Highs near the 11th and 22nd of August) On the fifteenth rising 
pressure over northern Manitoba indicated the formation of an indepen- 
dent High ” Pressure increased over Michigan, and on the nineteenth 
“this High was probably the controlling factor of the weather over the 
northern and central portions of the American continent ” There was 
“a failure of the stationary areas of high pressure to progress eastward ” 
During September “there was entire absence of strong cyclonic 
action throughout the United States proper” and “the average baro- 
metric pressure was above normal through the whole country” 

During October “the Highs were the dominating weather control 
of the month — there was more or less merging of North Pacific Highs 
with Highs which first appeared over the Canadian Northwest The 
North Atlantic High was of greater intensity than usual ” 

During Novembci “the Lows during the first half of the month, 
as m October, were decidedly lacking m intensity — the central portions 
of the country from the Atlantic to the Pacific were mostly under the 
influence of high pressure — after the fifteenth there was a marked 
increase m the intensity of the Lows — practically throughout the month 
pressure was above the normal off the California coast ” Some of the 
Highs during this month disappeared rapidly However, on the nine- 
teenth “a marked rise in pressure had overspread Alberta This rise 
advanced southward to Montana and to the West Gulf States and a 
branch of it reached Illinois and Mississippi on the twenty-third ” “The 
Azores High was considerably greater m intensity than usual, and 
about 1,000 miles northeast of its usual position ” 
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During December “the average sea level pressure was below the 
normal m the great central valleys and over the far Southwest, but 
elsewhere it was generally above normal ” The Azores High was still 
similar to the November type 

During January, 1919, “the uniformly low pressure which had pre- 
vailed at Honolulu since December, 1917, gradually merged into a 
type of moderately high pressure and there was still further increase 
during January, 1919 ” In the United States “a general increase in 
pressure over middle latitudes — an almost constantly maintained High 
over the Plateau region — as a result the average for the month was 
well above the normal over the entire region from the Rocky Moun- 
tains westward, and from the Central plains eastward ” 

During Febuiaiy “pressure in the Northern Plemispheres, as in 
January, was high over the middle latitude of the continents and the 
Atlantic Ocean, 30 60 inches over parts of Siberia — a ridge of higher 
pressure apparently connects the continental Highs of northeastern 
Asia and the North American continent by way of Alaska and the 
Bering Sea ” For the United States proper we learn that “the average 
pressure was below normal in practically all portions of the United 
States ” 

During Maich “there is a rather pronounced fall over the great 
continental Highs, amounting to 0 20 inch in Siberia and about half 
that much on the North American continent ” 

As the pandemic (Fig 2) began about Sept. 1, 1918, in Massa- 
chusetts, 1 ’ 5 we find that this beginning was preceded by a development 
of stationary high pressure affecting the West Coast as well as the 
northeast of the United States during the second half of August 1G 
We notice on the chart the entire absence during August and September 
of strong cyclonic action The pandemic increased in seventy until 
about October 12 (Boston) , October 20 to 26 (New York, Chicago 
and San Francisco) The pressure likewise increased continuously and 
during October “the Highs were the dominating weather control ” 
However, after October 5 Boston was experiencing development of 
Lows, while New York and the other cities had this deficiency m 
pressure one or two weeks later The more or less rapid decline of 
the pandemic runs parallel to this development of low pressure on 
every city on the chart About Novembers 20, a second increase of 

15 Pub Health Rep , Sept 27, 1918, p 1626 

16 Sept 17, 1918, report was made of the continued occurrence of a con- 
siderable number of cases of influenza at Boston and vicinity, where upward 
of 200 cases occurred on the day of the report, with a total of about 2,500 cases 
known to have developed during the outbreak Sept 17, 1918, the extensive 
prevalence of an mfluenza-Iike disease was reported at Camp Lee, Va” 

17 Pub Health Rep , Sept 20, 1918, p 1604 




Pacific Coast Following tins, we find a marked intensity of Iou 
pressure continuing to February 14 and a few days earlier on the 
Pacific Coast A new increase of air pressure during the middle of 
March is short lived on the Atlantic Coast but of some duration at 
Chicago, Cleveland, Kansas City to Louis\ille, and we find m that 
area a moderate recrudescence of the epidemic 
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No unusual features in weather or mortality develop until towaid 
the end of 1919 In November, 1919, mean pressure in the Northern 
Hemisphere is characterized by a great continental High over northern 
Asia, relatively high pressure m a belt which engirdles the globe about 
35 degrees north latitude ” The weathei m North America is largely 
controlled by the depth and persistence of the low pressure in the North 
Pacific — also by cyclones which form on the southern border of the 
semi-permanent High m middle latitudes — but cyclonic systems of pro- 
nounced character were notably absent The average pressure showed 
the highest area extending as usual from the South Atlantic States 
northwestward to the northeast Rocky Mountains and Plateau regions 
with the maximum ovei Wyoming Pressure was lowest over the 
Southwest ” 

During December, “the pressure at the Azores was considerably 
higher than usual ” In the United states “the weather was distinctly 
under anticyclomc control, but during the third decade of the month 
lower pressure was the rule m practically all parts of the country 
The excess of average pressure of December was least over the South 
Atlantic and East Gulf States and along the cential and south Pacific 
Coast ” 

During January, 1920, “pressme ovei the United States alternated 
between low and high during the fiist and second decades, except m 
the Rocky Mountain Region, wheie it was high, while during the last 
decade it was almost continuously above noimal throughout the entire- 
country Fifteen anticyclones entered the United States against nine, 
the aveiage number for January — ten of them the Alberta type and 
four Plateau and Rocky Mountain region type The most important 
features were the persistence of high pressuie from the seventh to the 
nineteenth over the northern and central plateau regions — high pres- 
sure prevailed over the northern districts rising above 31 inches in 
eastern Montana Tins high area moved along the northern border, 
but its influence was felt far to the southward At the end of the 
month this high pressure area covered the northeastern States and 
some of the highest barometer readings evei observed in that region 
were reported The average pressures for January were above normal 
m all portions of the United States and likewise in Canada as far 
north as observations disclose ” 

February opened “with a pronounced fall of pressuie neai the 
Aleutian Islands, where since January 10 it had been abnormally high 
The extremely high area of the end of January moved rapidly into the 
Atlantic and was quickly followed by another that preyailed for several 
days from the Great Lakes eastward During the same period pressure 
was generally high over the far West and low m the Southeast, where 
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a Low moved northward from Florida up to New England The 
average pressure of February was above noimal over practically all 
the portions of the United States and Canada from the Mississippi and 
the Great Lakes westward to the Pacific, the departure increasing m 
the far northwestern districts, where at points it was the highest 
on record In the eastern districts of the United States, as well as 
of Canada, it averaged considerably less than normal, particularly 
along the middle Atlantic Coast ” Twenty cyclones entered the United 
States as against 119, the normal number, and ten anticyclones as 
against 7 8 normal 

March “was characterized by a remat kable series of cyclones that 
moved across the United States Abnormally low pressures prevailed 
m every instance An extensive and marked high pressure wave 
followed the storm of March 1 to 7, principally in the Southeastern 
States, but there were no other Highs of consequence — the averages 
of the month were below normal ovei practically all portions of the 
United States west of the Mississippi, north of the Ohio and over 
Canada” Eighteen cyclones entered against 118 noimal, and ten 
anticyclones against 8 5 normal 

A general tendency to increase of pressure over the North Amei ican 
continent and a relative absence of cyclonic activity again characterize 
the weather of two months preceding the January, 1920 pandemic (Fig 
3) But instead of the gradual increase of high piessure we find, near 
the end of 1919, a more explosive increase of high pressure and during 
January, 1920, a gigantic High controlling the weathei of the continent 
during the four or five weeks of the pandemic The pressuie condition 
during November and December, 1919, apparently helped to prepare 
the way, as we find a distinct gradual increase m the pneumonia moi- 
lality, beginning aftei the middle of Novembei, notably in New York 
and Chicago At the beginning of December, this influence is shared 
by almost all the cities on the chart, while the actual beginning of the 
pandemic, as indicated by the morbidity figures reported by weeks, 
may be traced duectly to the relative development of very high pressure 
beginning about January 3 in the different cities 

A careful study of the individual cases m regaid to the relative 
value of intensity of pressure and the partial interfeience by minor 
cyclonic action easily emphasizes the parallelism of the pandemic and 
the high pressure condition, which latter comes to an end about Feb- 
ruary 4 by a most intense cyclonic action Fiom the first week m 
January we note a very uniform piessure type for the cities on the 
Atlantic Coast and for the area from St Paul and Denver to Chicago, 
Kansas Memphis and Atlanta New Orleans participates in a 

general way, the Pacific Coast again i esembles the Eastern type. 
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which antedates the Pacific type by from one to two weeks The 
Chicago type is at least one day ahead of the Atlantic Coast type and 
here, if we consider the report of influenza cases, is the first firm hold 
on the population — the other cities following in direct proportion to 
the development of the High over their area The largest number of 
cases were reported for two weeks previous to the sudden collapse of 
the High, which occurred after February 4 Only Baltimore and 
Atlanta have a higher figuie of cases for the week ending February 
19, and San Francisco and Los Angeles likewise Local difference in 
air pressure runs parallel to this difference It is clear that the mor- 
tality line would lag behind from one to three weeks and longer 
Morbidity statistics relative to influenza are still far from ideal, but 
weie, during the January, 1920 pandemic, probably more accurate than 
ever before They were not sufficiently available before, except for 
a few states and cities 1S Of these we find the highest number of cases 
reported „ 

TABLE 2 — Influenza Morbidity Statistics 



For Week Ending 

Casts 

Maine 

Oct 26,1918 

6,754 

Vermont 

Oct 21,1918 

6 949 

New York Citj 

Oct 19,1918 

32,884 

New Jersey 

| Oct 19,1918 

77,215 

Chicago 

Oct 19,1918 

12,183 

Minnesota 

Oct 26,1918 

26,853 

St Louis 

Oct 19,1918 

4,043 

Kansas 

Oct 19 1918 

14,892 

Washington, D C 

1 Oct 12,1918 

9,708 

Atlanta 

Oct 19,1918 

1,594 

New Orleans 

Oct 19 1918 

17 070 

Arizona 

Oct 19,1918 

3,530 

San Francisco 

Oct 26,1918 

8,682 


The report giving these figures states that “they are not exact or 
even more than approximately accurate ” Only in Baltimore 10 has 
the attempt been made to trace cases of influenza back to August 1, 
1918, but none are tabulated for August, while from September 1 
an ever increasing number of cases is given until middle of October 
A rather rapid decline begins about October 21 The outstanding fact 
is again the collapse of the epidemic following closely the cyclonic 
action, which begins with the second decade of October, 1918 

Even during the last pandemic mortality and morbidity statistics 
have been rather crude, but sufficiently complete m some cities to com- 
pare the time factor of the outbreak, peak and decline of the pandemic 
to the numerical values of atmospheric conditions, as measured by air 
pressure figures The two factors easily explain the variation among 
cities in their different epidemiologic characters Especially the Jan- 

18 Pub Health Health Rep , Nov 8, 1918 p 1914 

19 Pub Health Rep March 14, 1919 
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uary, 1920, pandemic proves the indisputable truth of their interde- 
pendence Looking back to the 1890 pandemic we recognize in the 
examples of Berlin, New Orleans and San Francisco, the same decisive 
characteristics They exhibit the same increase of air pressure toward 
the beginning, the same extreme High during the peak and the same 
collapse of the pandemic by the start of intense cyclonic action 

Comparing the San Francisco, New Orleans and Berlin charts for 
the pandemic 1889-1891, we find the following (Figs 1, 2, 3, 4, 5) 


TABLE 3 — Influenza Morbidity Air Pressure and Cyclonic Action 



Mortahtj Peak 
or Increase 

Air Pressure Penh 
or Increase 

Cjclonic 

Action 

Berlin 

Dec 21-28, 1889 

Dec 9-23 1889 

Dec 23-30 

Second wave 

Dec 30, 18S9 to Jan 17, 
1890 and Feb 1 to 
March 8, 1890 

Dec 25 to Jan 17 and 
Feb 1-22,1890 

Jan 18-31 and Feb 23 
and following 

San Francisco 

Jan 21 28, 1890 

Jan 7 21,1890 

Jan 21 28 

Second w ave 

Feb 18 to March 18 

Jan 28 to Feb 11, 1890 

Feb 11 to Match 11 

New Orleans 

Dec 14-28, 1890 

Nov 1 to Dee 28, 1890 

Dec 29 to Jan 11, 1891 

Second wave 

J an 28 to Feb 1, 1891 

Jan 4 20,1891 

Jan 20 and following 

San Frtneisco 

Dec 8 to J in 5, 1891 

Nor 20 to Dec 6,1890 

Dec 27 and following 


If we review the air pressure conditions during the recent pan- 
demics, we recognize the identical anticyclonic action that characterizes 
the 1889 to 1891 pandemics The first advent of those pandemics is 
heralded by a protracted continuous anticyclonic development, not inter- 
rupted by any cyclonic action The first big pressure wave is followed 
then, as now, by one or two succeeding Highs, lasting again for weeks 
at a time The intervals between them have cyclonic action The 
mortality line has the same relation to the pressure types in both series 
of pandemics Somewhat different is the pressure type at the time of 
the 1890-1891 pandemic at San Francisco, and of the January, 1920 
pandemic m the United States Both these types aie not followed by 
succeeding waves Both types have a more abrupt rise and fall of 
mortality and air pressure lines The 1890 and the lecent pandemic 
occurred during an advent of high pressure over our hemisphere, that 
m each case had been extending over some years previous to the out- 
break of influenza and that apparently came to its highest and more 
specific development during or just ahead of the pandemic - I have 
charts that give the weekly mortality and daily air pressure for San 
Francisco from 1888 to 1904 (16 years) and for Berlin from 1887 
to 1911 (24 years) The explosive appearance of influenza and pneu- 
monia mortality are there confined exclusively to such periods as are 
marked by the advent of unusual anticyclonic action 
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In addition to these facts we may consider the time relation of 
influenza pandemics and high pressure periods for middle Europe (since 
1827) and for the United States (since 1873) 

Of course, this secular coincidence of the pandemics and the high 
pressure periods does not enlighten us about the cause of an influenza 
pandemic or of an increase of pneumonia mortality, but it opens a 
window into the strange chaiacter of influenza It certainly points to 
a distinct interdependence of the two, and points to the anticyclone 
as the decisive factor 


TABLE 4 — Time Relation of Influfn/a Pandemics \nd 
High Pressure Periods 


An Pressuie Periods 


High 1831 to 1SH, including “highest nir 
pressure period (1832 to 1830) not equaled 
during the period 1826 to 1885 ” 11 

Lou 1812 to 1817, beginning in some conn 
tries 1838 

High 1847 to 1851 

Lou 1851 to 1855, distinctlj lou from 
Warsau to Palermo 

High 1850 to 1804 

Low 1874 to 1878, distinctlj lou pressure 
ovei United States and Europe 

High and increasing 1881 to 1900 oier the 
United States and Europe and continu 
mg 

Lou 189S to 1902 

High 1902 to 1920, definite period of in 
creasing high pressure 


Influenza and Pneunion! i Pandemics 


“1 \ceedmgij intensne ind e\ten=ije infill 
enza period oecr the entire globe and con 
sisting of the pandemics 1830 to 1832 
1833, 1830 to 1837 ” =° 

No pandemics, but minor epidimfts 

Influenza pandemic 1840 to 1848 1850 to 

1851 

No pandemies 

Minor epidemics 1855, 1857 to 185S Irrcgu 
lar outbreaks 1800 to 1870 
Definite louering of pneumonia mortnhtj 
1875 to 1878 o\er United States Minor 
local epidemics 1S73 to 1875, and 1879 
Local epidemics, principally in Russia, 1885 
to 1888, also alTccting the United States 
Influenza pandemics 1889 to 1891 and 
nregulnr outbreaks to 1900 
No epidemic of note 

Pneumonia epidemics 1903, 1907, 1910, in 
creasing incidence after 1915 Influenzi 
pandemic 1918 to 1920, probable unequaled 
in seeeritj 


The very source of the pandemics is found to be in that part of 
inner Asia or North America on the northern hemisphere where the 
centers of highest pressure are located on those parts of the continents 
The air, carried by such dynamic anticyclones during then extreme 
development all over the two continents, is distributed with an anti- 
cyclonic velocity equal to that of our railroad trams 

Tl}e direction in which the air is carried out of the center of an 
anticyclone, varies, of course, with the location of the center Suppose 
the center be at St Louis, the air flowing out of the center would be 
carried by northwesterly winds toward Boston, by northerly \\ mds to the 
middle Atlantic Coast, by noi theasterly winds to the Gulf States, by 
easterly winds toward New Orleans and Texas, by southeasterly 
winds toward the Pacific Coast Hann " summarizes thus “The 
air circulation m the dynamic barometer maxima of the United 

20 Leichtenstern, O and Sticker, G Influenza Ed 2, Wien and Leipzig, 
1912 
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States, theiefore, consists (1) of a true downward directed gyration 
near its center and extending about 500 kilometers outward, (2) in 
its outer circumference the motion everywhere has an outward direction 
and represents a forced rotating motion similar to a whirl in a stream ” 
It is also stated by him that the barometer minima do not supply the 
air that enters the maxima above, as they do not reach to such height 
The distance of the center of a dynamic anticyclone from that of a 
cyclone is generally about 2,000 miles in the United States and often 
more than that in Europe 

It is clear that only a most careful study of the daily weather maps 
will explain the actual air conditions in a certain district relative to 
a dominating influence of a High or Low Furthermore, only such 
study will inform us whether a High is of the quickly wandering type 
or of a stationary dynamic character Only continuous crowding of 
air over vast parts of the country, for instance, over the entire United 
States or over Europe, lasting quite a number of weeks, seems to 
carry the character that increases pneumonia mortality severely and 
paves the way for or starts a pandemic As we have no special sense for 
electricity, nor for air pressure and its variations, we do not become 
aware of the differences that exist in the air we breathe during changes 
in those factors It seems reasonable to consider the possibilty that 
during the development of such unusual high pressure conditions, the 
physicochemical nature of the atmosphere that reaches our lungs has 
been altered in such a way that it may affect us more or less dis- 
astrously Or, we may be induced to suppose that such air has become 
the carrier of a virus The air of an anticyclone has been descending 
from a 10 to 20 kilometers height and naturally has been differently 
qualified during different solar activity As soon as low pressure sets 
in, which carries the anticyclonic air away from us, influenza and 
pneumonia decline It is difficult to harmonize this behavior with a 
bacteriologic origin of those diseases 

If we assume that the atmosphere acts as carrier of the cause of 
influenza, we are facing similar difficulties, as when we were forced 
by certain facts to assume that the water acted as carrier of the cause 
of typhoid fever and cholera Now we know that infection of water is 
the most common source of widespread epidemics, originating in the 
contamination of a well or spring Such epidemics are often.as “explo- 
sive” as the pandemics But how can infection be carried by the air, 
except with dust? But why do we insist on a virus, on an infection 
as the cause? Certainly only for sake of an analogy, that at best can 
be only a partial similarity There is, however, a greater similarity 
between the march of the pandemic and that of the dynamic anticy- 
clone Both reach ships on the ocean, islands, distant camps that had 
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been as far removed from the pale of ci\ llization as the North Pole 
Is there, perhaps, a special physicochemical quality imparted to the air 
we breathe during a pandemic, imparted, for instance, by the radiant 
energy of the sun, by radioactivity, by ozonization? Lenard and Ram- 
sauer 21 define the principal effect of the solar output on the atmos- 
phere First, the development of ozone “welche zieinlich tief herab- 
reicht, well sie schon durch schwaclr absorbierbare Stralilen bewirkt 
wird ” Second, the continuous ^creation of fognuclei in the upper 
atmosphere (“Amonmtiat und Nitrit aus dem lichterzeugten Ozon 
und dem Ammomak der Luft, wahrschemlich auch Wasserstoft- 
superoxyd aus Wasserdampf ”) Third, continuous creation of carriers 
of electricity 

W J Humphreys 22 says “One would expect to find an appreciable 
amount of ozone in the upper atmosphere, but, owing to its unstable 
nature and its great power of oxidation, very little near the eaith 
Only traces of ozone are found in the lower portions of the air and 
when there is much moisture and the temperature is high the amount 
is vanishingly small On the other hand, Augstrom, by examining the 
absorption bands in the solar spectrum, has detected the presence of a 
very considerable amount of ozone, which must be in the upper an ” 
“Ozone is produced by the action of ultraviolet radiation on cold dry 
oxygen, its amount, therefore, must vary with the amount of ultraviolet 
radiation sent out by the sun and this is a variable quantity ” “Besides 
ozone is abundantly produced by the action of silent electric discharges , 
therefore, the amount of ozone in the atmosphere, since it results from 
the action both of auroral discharges and of ultraviolet radiation, will 
vary with their increase and decrease The increase we should expect 
m the higher latitudes, where the auroral discharges occur The equa- 
tor to pole circulation of the upper atmosphere, and the paralleling of 
magnetic lines of force by auroral discharges, might very well lead to 
a greater amount of ozone in the upper air of temperate and polar 
regions than in that of the tropics ” 

The amount of ozone found in the air we breathe has repeatedly 
been estimated to amount to more than 1 part m 700,000 parts air 
The effect of ozone on the respirator}' organs has again lately been 
investigated Jordan and Carlson 23 summarize the results of their 
research work, in part, as follows “Human beings are injuriously 
affected by amounts of ozone far less than are necessary to produce 
bactericidal effect, and there is no evidence for supposing that a quantit} 

21 Lenard, P , and Ramsauer, C Sitzungsberichte der Heidelberger 
Academie der Wissenschaften, Abh 24, 1911, p 42 

22 Humphreys, W J Astroplijsical J 32 No 2 

23 Jordan, E O and Carlson, A T Ozone J A M A 61 1007 (Sept 27) 
1913 
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of ozone than can be tolerated by man, has the least germicidal action 
In concentrations that appreciably affect man, ozone appears to have 
uniformly an injurious action This action is primarily on the respira- 
tory passages — irritation of the sensory nerve endings, and irritation, 
corrosion and depression of the epithelial cells The depression and 
drowsiness produced by ozone are due to the intense irritation of sen- 
sory nerve endings (vasomotor effect) in the respiratory tract, as well 
as to the secondary effects of the' change m the activity of the aveolar 
epithelium Nor can we accept the suggestion of Hill and Flack, that 
small amounts of ozone may be of therapeutic value in certain diseases 
of the lespiratory tract by reason of the hyperemia following the ozone 
irritation The ozone irritation leads to intense hyperemia of the 
respuatory tract, The cells injured by ozone are probably 

more readily invaded by bacteria and have less than normal power 
of healing despite the hyperemia The physiology of ozone points to 
the conclusion that the use of this poisonous gas as a therapeutic agent 
is either valueless or injurious ” As these authors say “The cardiac 
and vasomotor changes on exposure to ozone have not been extensively 
studied ” “Here we have as an effect of exposure to ozone, generally 
considered harmless, symptoms as headache, sore throat, pam in the 
chest, intense irritation of the respiratory tract, and even if prolonged 
exposure to ozone should prove harmless to the robust person, what 
about the unfortunate person whose lungs have only slight power of 
resistance ? Concentrations of ozone of 1 part per million parts of an 
are certainly injurious, but it does not follow that the weaker concen- 
trations of ozone are propoi tionately injurious ” 

In addition to this research work we should consider the “studies 
of the respiratory inflammatory processes initiated by the inhalation of 
toxic gases” (used m modern warfare) made by Wmternitz, Wason 
and McNamara 24 They state that “the pathology produced by the 
inhalation of these poisonous vapors is analogous to that found m 
influenzal pneumonia ” Their conclusions contain the following “A 
basis for the interpretation of the respiratory lesions of influenza is 
offered by the analogous changes m the respiratory tract initiated by 
the inhalation of poisonous gases The respiratory lesions are depen- 
dent primarily on the damage produced by the true etiologic agent and 
the systemic capacity to compensate, and only secondarily on invasion 
by the bacterial flora of the mouth and inspired air ” 

These findings gam in importance by the general agreement of 
clinicians that the influenza infection is carried dnectly into the respir- 
atory tract D Symmers 25 concludes thus , “From the opportunity 

24 Wmternitz, Wason and McNamara The Pathology of Influenza, Yale 
University Press, 1920 

25 Symmers, D J A M A 71 1482 (Nov 2) 1918 
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that I have had to observe at necropsy and m the living patient, it 
appears to me to be probable that the prevailing pandemic of influenza 
is attended by pneumonic lesions from the beginning Moreover, the 
distribution of the pathologic changes in the lungs is such as to suggest 
that the infection is introduced by way of the respiratory tract 
In those cases in which death has occurred twenty-four or thirty-six 
hours after the development of detectable pneumonic signs, it is scaicely 
conceivable that the massive solidification of the lungs could have taken 
place with corresponding rapidity The suggestion naturally follows, 
that every case of pandemic influenza should be regarded from the 
outset as pneumonic ” 

Park 20 writes “Epidemic influenza is a disease primarily attack- 
ing the respiratory tiact ” Conner 27 writes “In the present epidemic 
there has been, for all practical purposes, only a single type — the 
respiratory ” Kmsella 28 says “Whatever the cause of the disease 
may be, it is clear that this agent is one to which the body is not 
accustomed ” McLaughlin 29 concludes “These indications suggest — 
either that in the great pandemic we were dealing with a new and 
entirely different disease, or that the immunity conferred by an attack, 
if any, was of a very fleeting character ” Of course we could not 
acquire immunity from exposure to an irritating gas similar to ozone 
The gieat clinician Ziemssen wrote many years ago, alluding to epi- 
demics of influenza “After all we cannot but assume that there must 
be general conditions, which appear and disappear simultaneously in 
great expanse of space Of what nature these influences may be is 
perfectly dark We would not be forced to think of miasm or conta- 
gion We are more led to believe that fluctuations of other conditions, 
extending over great areas of the surface of our globe at the same 
time furnish an analogy ” 

CONCLUSIONS 

In conclusion we should consider the following facts 

1 The assumption, that the propagation of influenza is analogous 
to that of an infectious disease, has so far no foundation m fact We 
have no proof that influenza is caused by bacterial infection The 
cause of influenza is still unknown We have not succeeded in inoc- 
ulating influenza from person to person , we cannot transmit it experi- 
mentally A “drop infection” from person to person has likewise not 
been proved Frost 30 beheres in “contact m the broad sense” and 

26 Park, W H J A M A 73 318 (Aug 2) 1919 

27 Conner, LA J A M A 73 321 (Aug 2) 1919 

28 ICmsella, R A J A M A 72 717 (March 8) 1919 

29 McLaughlin, A T The Shattuck Lecture, Boston M &. S J . July 1 1920 

30 Frost, W H JAMA 73 313 (Aug 2) 1919 
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adds “As regards preventive measures, the efficacy of those carried 
out — is not proved ” Howard and Love 31 state that, “in U S Army 
Camps, where all accepted measures for the prevention of the spread 
of respiratory disease (during the pandemic) were vigorously enforced, 
the incidence of the disease apparently was as great as in other camps 
where such measures were less rigidly and effectively applied ” Trans- 
mission of influenza is more logically explained by an air which may 
carry m infective virus or a poisonous gas, an animate or an inanimate 
agent, into our lungs and which naturally has free access everywhere 
We cannot guard ourselves against such air, except by masks, which 
would nullify the bad effect of such air The research work describing 
the effect of inhalation of ozone and warfare gas proves that the 
pathology of influenza can readily be explained by the assumption that 
a poisonous gas is the cause of the pandemic 

2 Atmospheric conditions that are characteristic, we could as well 
say pathognomonic, for influenza and its spread are well defined 
The cycles in which the pandemics alternate with periods of relatne 
quiescence are distinctly covered by the cycles of high air pressure 
periods during and before the pandemics and of low air pressure periods 
following them 

3 The first appearance of influenza cases m a pandemic, and the 
full development of the latter, are geographically m direct relation to 
the appearance and development of certain anticyclonic conditions The 
successive seizure of great districts of the continent invariably originates 
m one or the other center of great anticyclonic action on the globe, as 
in inner Asia, Bokhaia, and in Canada during the 1890 pandemic, 
and as in the region of the “Canaiy Island High” (Spanish influenza), 
and in Canada during the 1918 pandemic 

4 The influenza pandemic extends, spreads in the same direction 
and with the same velocity as the great anticyclone spreads from its 
center over a continent In the United States therefore, it generally 
attacks first those districts that lie in the path of the Alberta type ot 
the Hudson Bay type 

5 The prepandemic weather, as the charts prove, remains for a 
l°ng period free from any cyclonic action It is the forerunner of the 
coming avalanche of atmosphere 

6 Increases of influenza morbidity preceding a great pandemic are 
always m harmony with similar increases of an anticyclonic type of 
weather 

7 As the period of very high pressure of from 1830 to 1840 was 
synchronous with the greatest pandemic before our times, similarly, the 
1890 and 1918 pandemics were heralded by an ever increasing air 

31 Howard and Love Influenza, Mi] Surg 46 5 22 (May) 1920 
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pressure since 1878, reaching the highest figures only during the period 
of the last pandemic, as the Bismarck pressure line so well illustrates 
in Figure 1 

8 The anticyclonic weather conditions for some weeks before and 
during the prevalence of a pandemic are almost stereotyped for every 
city on the charts The usual type for the United States is the Alberta 
type The gigantic masses of air that it whirls and spreads over the 
country m a southerly and easterly direction with the velocity of a 
fast tram, are represented by the more or less extreme positive depar- 
tures of the air pressure from normal m the most typical manner in 
every city Distinct cyclonic action is, then, missing in every single 
instance, and the only type in evidence is prolonged high pressure foi 
a longer period, as m September and October, 1918, or for a shorter 
period of highest air pressure, as in January, 1920 
- 9 Likewise, we find in a stereotypic fashion the beginning of a 
decrease of morbidity in every city following the first well marked 
cyclonic action As the anticyclonic period is common to the entiie 
United States, proportionate only to the time necessary for the spread 
of its masses of air, likewise, the cyclonic action, when it arrives 
puts its stamp on every city almost on the same day 

10 Extraordinary proof of the interdependence of the pandemic 
and an extreme high pressure period occurs in January, 1920 The 
beginning of both is clearly defined and the decrease of morbidity 
appears in direct relation to cyclonic action, beginning m the first week 
of February 

11 This interdependence gams additional value by the research 
work on prolonged exposure to ozone and other poisonous gases and 
the injury to the respiratory tract caused thereby In fact, it is clear 
that the symptoms caused by inhalation of such poisonous gases 
resemble the influenza symptoms perfectly 

12 We have reason to assume that air of some anticyclones con- 
tains ozone in unusual quantity as a product of unusual solar output 
If we hesitate to deduce that ozone is causative of influenza because its 
odor and the gas itself has not been detected m the air we breathe 
during a pandemic, we must admit that no attempt has been made to 
find it 

Of couise some degree of speculation cannot be avoided if we 
seek for any theory to guide us in the labyrinth of influenza The 
possibility of its spread by the atmosphere is consistent with the facts 
It has the merit that it leads us to an experimental study of the air, 
and it gives us ozone as a guide A second Schoenbem may arise and 
find a chemical body, similar to ozone, or we may extend Haldane’s 
research work, which suggested that the rate of supply of oxygen to 
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the tissues by the blood in the systemic capillaries m the lungs is 
insufficient in influenza for the normal processes of life 

We cannot, after the presentation of the foregoing facts, escape 
our duty to demand a critical analysis of the air during the different 
air pressuie conditions and especially during the epidemics of the 
respnatoiy organs Furthermore, we have achieved the very impor- 
tant practical gain that we may predict an increase m pneumonia mor- 
bidity whene\er an extensive anticyclone is approaching any terntory 
m question, and we have a warning of a coming explosiveness of mor- 
bidity m general whenever the magnitude of the approaching anticyclone 
warrants it The necessary information, easily given by the Weathei 
Bureau, would make a suitable preparedness possible to meet the emei- 
gency A failuie to lecognize this fact would seem to involve a great 
lesponsibihty 


Sl’lROCIIEI AL PuLMOIs \RY GANGRENE 

Dis Fishberg and Kline, authors of the paper with the above title, 
published in the Archives or Internal Medicine, Januaiy 15, 1921, 
p 61, request the addition of the following paragraph to then paper 
The occurience of fusiform bacilli and spnochetes, not only in the 
exudate o\er the gums but also in the gangrenous lung tissue, lends 
suppoit to the belief that this is a case of aspiration pneumonia fol- 
lowed by pulmonary gangrene m which innumerable mouth organisms, 
Vincent's spirochetes and fusiform bacilli fiom the gingivitis were 
aspirated into the lungs, the mouth organisms producing the widespiead 
consolidation and the spirochetes the associated gangrene 
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It is now well established that diet, according to its qualitatn e 
and quantitative nature, plays a most important part in the prevention, 
causation and cure of pellagra Certain types of diet have been proved 
experimentally to be provocative of pellagra, 1 while in the Pellagra 
Hospital the treatment of the disease has been absolutely dietary 
Considering the part that diet, good or bad as the case may be, 
plays m pellagra, it would seem that whatever new facts are added to 
our knowledge of metabolism in pellagra would decidedly be worth 
while, particularly in view of the fact that the investigations of metab- 
olism m this disease have not been extensive 

Camurri appears to be the first to have made a comprehensive study 
of metabolism 2 in pellagra His work dealt particularly with the mineral 
metabolism He states that the diet of the Italian pellagrins is lacking 
in sodium and calcium Camurri’s work included, also, a study of the 
composition of the diet, of the urine, and feces of pellagrins subsisting 
on mixed diets and on diets composed largely of corn Balances were 
obtained for nitrogen, fat and salts in comparison with those of normal 
individuals on similar diets In pellagra he found an increase m the 
excretion of chlorm estimated as sodium chlorid Nicolaidi and Grillo 3 
found a decided negative mineral balance in active pellagra Myers 
and Fine, 4 m their extensive investigations of metabolism in pellagra, 
found that the ability of individuals suffering from pellagia to utilize 
the various foodstuffs was but slightly, if at all, below the normal 

1 Goldberger and Wheeler Experimental Pellagra in the Human Subject 
Brought About by a Restricted Diet, Pub Health Rep 30 No 46 (Nov 13) 
1915, Bull 120, Hyg Lab Washington, 1920 

2 Camurri Atti del quarto Congresso Pellagrologico, Itahana, Udine, 
1910, p 67 

3 Nicolaidi and Grillo Tr Nat Assn for Study of Pellagra, Triennial 
Meeting, Columbia, S C , 1912, p 127 

4 Myers and Fine Am J M Sc 145 705, 1913 
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Nitrogen balances with different diets were likewise studied by Hunter 
Givens and Lewis 5 at the Pellagra Hospital They conclude that “A 
diet providing 2,500 calories and containing 15 gm nitrogen (of which 
11 gm are in the form of animal protein) is not only likely to promote 
the recovery of the pellagrin from an acute attack but is adequate to 
meet all the requirements, for maintenance and repair of his conva- 
lescence ” 

The frequent occurrence of gastric anacidity was noted by Johnson, 6 
Ceconm, 7 Niles, 8 Myers and Fine, Hunter, Givens, and Lewis, and 
the presence of an excessive quantity of mdican in the urine has been 
reported repeatedly, especially in the urme of American pellagrins 
Myers and Fine concluded that the mdicanuna is excessive m the cases 
with gastric inefficiency Hunter, Givens, and Lewis, however, show 
that gastric inefficiency is only one of the factors involved in mdican 
formation and that a very important factor is to be found m the patient’s 
diet — the tendency to excessive mdican formation being greater on a 
meat diet They show further that the existence of pellagra is com- 
patible with any degree whatever of mdican production, even none at 
all and that mdicanuria, undeniably a common feature of the disease, 
is by no means an essential one 

That mdicanuria is not an essential factor in pellagra is shown also 
by the findings of Goldberger and Wheeler Thus, in 1915 Goldberger 
and Wheeler 1 showed that pellagra could be produced experimentally 
in previously healthy human subjects by feeding a restricted one-sided 
mainly cereal diet of the type found to be associated with a high inci- 
dence of pellagra The urine of their subject contained little if any 
indican while they were on the pellagra producing diet 

In the work herein described, a survey of the urme of pellagra 
patients was made as soon as possible after the patient’s admission to 
the hospital and in some cases at the time of applying for admission 
to the hospital and before actual admission Attention was paid to the 
variation in normal constituents, the presence of physiologic bases, and 
the presence of abnormal constituents 

Once started, the variation in normal and abnormal constituents was 
followed from the acute highly erythematous stage to the stage with 
a high degree of improvement or discharge from the hospital as recov- 
ered In some of the lines of work started the results are fragmentary 
because of loss of personnel on account of the war In this paper how- 
ever, are reported results of a study of the specific gravity, volume, total 
nitrogen, ammonia, creatimn, urea and uric acid 

5 Hunter, Givens, and Lewis Bull 102, II, Hygienic Lab U S P H S , 
1916 

6 Johnson South M J 4 578, 1911 

7 Ceconm Gazz d osp 32 77, 1911 

8 Niles Pellagra, 1912, p 77 
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The methods employed were for total nitrogen, Kjeldahl , for 
ammonia, Folin’s 9 method as modified by Steel 10 , creatmin by Folin’s 
method 11 , uric acid by the Folm- Shaffer 12 method , urea by Folm 
and Denis’ method 13 using jack bean as a source of urease, and a reac- 
tion temperature of from 50 to 55 C The urine of four normal persons 
was tested m a similar way at the same time 

Except for short periods, the normal individuals were under uncon- 
trolled conditions with great variation in diet and with a mode of living 
quite different from that of the patients Accordingly, considering that 
metabolism is more or less an individual question, it was concluded that 
the best control for the patients m active pellagra is the same patient at 
or about the time of discharge, when they showed no sign or symptom, 
which, in the judgment of the medical staff, would indicate a pellagrous 
condition Much emphasis is put, therefore, on the comparison of data 
obtained just after the patient was admitted to the hospital and the data 
obtained just before the patient was to be discharged 

The patients m the hospital in 1917 were good cases of pellagra 
The treatment in the hospital of uncomplicated cases, the only kind 
considered in this study, was entirely dietary Two types of diet were 
employed during 1917, diet G and diet B as follows 


TABLE 1 — Types of Diets Given Pellagrins 


Diet G 

Gm 

N 

Calories 

Diet B 

Gm 

N 

Calories 

Loaf bread 

300 

4 02 

864 

Loaf bread 

300 

402 

804 

Butter 

45 

0 034 

356 

Butter 

45 


356 

Com meal 

50 

0 670 


Corn meal 

50 

SB 

190 

Hominy grits 

50 

0 638 

181 

Eggs 



153 

Round steak 

100 

3 540 


Round steak 


SK£ 

120 

Ham 

25 

id ini 

62 

Orange juice 

50 

HX/EH 

19 

Orange :uice 

50 

■i t ■ ;■§ 

19 

Potato 

150 

0 525 

120 

Potato 

100 

Hi iriHD 

84 

Dried apple 

50 


149 

Dried apple 

50 

Hi i£H 

149 

Milk 1,000 ec 



735 

Cabbage 

50 

■ 

16 

Coffee, c c 




Squash 

50 

Hi H 

24 

Sugar 



82 

Milk, c c 

400 

H^ 1 i 

294 

Pork fat 



177 

Coffee, c c 

175 

'Hi ISfHit 






Sugar 

20 


82 





Pork fat 

22 


mm 


1 



Total. 


13 010 

2,646 

Total 

H 

16 604 

2,971 


The total nitrogen and caloric values arc based on analyses of the foodstuffs used at the 
Pellagra Hospital as given by Hunter, Givens and Lewis, and bj Sullivan and Jones 14 The 
calories for apple and squash are based on Atwater and Bryant’s figures 


In general, at entrance to the hospital, the patients were placed on 
diet G, which contained 13 01 gm nitrogen representing 81 gm protein, 
of which approximately 6 84 gm nitrogen or 42 8 gm protein were of 


9 Folin Am J Physiol 45 13, 1905 

10 Steel J Biol Chem 8 365 1910 

11 Folm Ztsclir f physiol Chem 41 223, 1904 

12 Folin-Shaffer Ztsclir f physiol Chem 32 552, 1901 

13 Folin-Denis J Biol Chem 26 501 1916 

14 Bull 120, II, Hygienic Laboratory, Washington, 1920 
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animal origin Then as the patients’ appetite and demand for food 
became greater, they were placed on diet B containing 16 604 gm 
nitrogen or appi oximately 103 78 gm protein, of which 67 per cent 
were of animal origin Diet B, containing a higher protein content 
and a higher caloric value, was the more curative However, 'a number 
of patients kept on diet G recovered from acute pellagia rapidly In 
fact, the improvement in well being and the subsidence of pellagra 
symptoms showed that diet G, providing 2,600 calories and containing 
13 gm nitrogen, of which 6 84 gm are from animal protein, suffices 
to eradicate the signs and symptoms which, in the judgment of the 
medical staff, are characteristic of pellagra 

June 22, 1917, a preliminary study was started on all the patients in 
the hospital to determine wherein the patients differed from normal 
people Lombroso, as quoted by Marie, 15 found that in all his cases 
the phosphate of the urme was diminished in spite of good nutrition 
Camurri likewise found the phosphate of the mine of pellagrins less 
than that of normal people Camurri also found that the proportion 
of urea to total nitrogen was diminished, and that the ratio of ammonia 
nitrogen to total nitrogen was increased particulaily in cases where the 
diet was predominantly a maize diet Myeis and Fine found that the 
elimination of total nitrogen, urea, ammonia, uric acid and creatinm is 
slightly below the normal, though the constituents dependent on exog- 
enous origin, namely, the uric acid and creatinm, are such as might be 
obseived in other persons of similar physical condition Then data for 
the peicentage of ammonia and undetermined nitrogen are slightly 
above the so-called normal figures, and the other constituents are 
slightly below, differences which they mterpiet as due to the diet and 
the physical condition of the patients 

In our preliminary work, it was found that the excretion of phos- 
phates by the pellagra patients, even on a very good diet with a high 
milk content, was less than that of noimal people As the patient 
improved m general condition, and pellagra symptoms disappeared, the 
excretion of phosphates in the urine increased This increase in the 
excretion of phosphates is tied up undoubtedly with a greater assimila- 
tion of food, and, peihaps, though this point was not tested, with an 
improved functioning of the kidnejS In the preliminary period the 
excretion of total amino-acid nitrogen as determined by the Van Slyke 
gasometnc method 10 varied from 0 126 to 0 335 gm ammo-nitrogen 
with an average of 0 211 gm , or 3 per cent , of the total nitrogen for 
the active cases, from 0148 to 0 516 gm , with an average of 0271 
gm , for the convalescing and the cases about to be discharged, and 

15 Marie Pellagra, Translated by Lavinder and Babcock, Columbia, S C, 
1910 

16 J Biol Chem 16 125, 1913 
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from 0136 to 0 310 gm with an average of 0 214 gm for the four 
normals 

According to Murlm 17 the absolute amount of mon-ammo-acid 
nitrogen m the uime of normal persons on a mixed diet is from 0 15 to 
0 30 gm per day This fact, coupled with the results from normal 
urines here, shows that the total ammo-acid nitrogen of the twenty-four 
hour urine is normal in amount both m active and convalescing cases 

o 

of pellagra The latter ran somewhat higher, but the difference is in 
accord with the high milk diet on which the convalescent patients had 
been for a longer time for, as shown by Long and Gephart, 18 on a milk 
diet, the fraction of undetermined nitrogen, which includes the annno- 
acid nitrogen, is higher than on ordinary mixed diet 

For the patients, m general, but especially for the acute cases 
lecently admitted, the total nitrogen of the preliminary period was 
low, the excretion of ammonia tended to be increased, and the ratio 
of ammonia nitrogen to total nitrogen was high As the patients 
improved, the ammonia excretion and the ammonia ratio returned 
to normal and was within no'rmal limits some times before the 
patients were discharged The data for phosphates, ammo-acids, total 
nitrogen, and ammonia for the preliminary period are given in Tables 
2, 3 and 4 The preliminary study suggested that the study of the 
nitrogen partition of the urme would be profitable 


TABLE 2 — Phosphoric Acid (P=Os) Content of Urine in Grams, 
(a) First Test, (b) Last Test 


Case 

Bate 

of 

Admis- 

sion 

Date 

of 

Dis- 

charge 

Status of 
Pellagra at 
Time of 
Testing 

Date of Test 

6/28 

7/2 

7/5 j 7/9 

7/13 

PsOu, 

Gm 

P=0 5 , 

Gm 

P 2 O-, 1 P:Og, 

Gm , Gm 

P 2 O 5 , 

Gm 

337 

338 
341 
347 
352 

0/13 

6/13 

6/24 

6/27 

7/ 2 

8/21 

8/17 

8/25 

8 / 9 

7/ 6 

Active pellagra 
Active pellagra 
Active pellagra 
Active pellagra 
Active pellagra 

(a)0 821 

(a)l 734 

(a)0 964 

0 S02 

1 743 

1 648 1 1 328 

0 891 1 470 

1 393 

(a)0 900 | 1 018 

0 764* 

(b)l 95S 
(b)l 920 
(b)l 940 
(b)l 402 

318 

323 

325 

328 

5/12 

5/21 

5/26 

5/29 

7/14 

7/16 

8/20 

8/20 

Convalescent 

Convalescent 

Convalescent 

Convalescent 


(n)l 376 
(all 163 

(a)l 2S5 

1 167 

1 330 


(b)l 712 
(b)2 567 
(b)l G2G 

2 005 

Con- 

trols 

1 

2 

3 

4 



Nonpellagrous 

Nonpellagrous 

Nonpellagrous 

Nonpellagrous 

(a)l 8S7 
(a)2 939 

1 620 

2 no 

(a)l 565 

2 95S 

1 870 

1 S77 

1 6S1 
(a)l 305 

(b)2 233 
(b)2 159 
(b)2 348 
(b)l 735 


Average first tests active pellagra patients exclusive of case 352 1 105 

Average last tests actne pellagra patients exclusive of case 352 1 SOI 

Average first tests convalescent patients exclusive of case 32S 1 275 

Average last tests convalescent patients exclusive of case 32S - 1 90S 

Average first tests controls 1 931 

Average last tests controls 2 119 


* Left hospital unimproved 


17 Murlm Bull 116, III, Hygienic Laboratory United States Public Health 
Service, 1920 

18 Long and Gephart J Am Chem Soc 34 1229, 1912 
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TABLE 3— Amino-Acid Nitrogen Content of the Urine 


Caso 

Date 

of 

Admis 

eion 

Status of 
Pellagra at 
Time of 
Testing 



Date of Tests 



6/23 

6/28 

7/2 

7/5 

7/9 

7/13 

Amino 
Acid N 
6m 

Ammo 
Acid N, 
Gm 

Ammo 
Acid N, 
Gm 

Ammo 
Acid N, 
Gm 

Ammo 
Acid N, 
Gm 

Amino 
Acid N, 
Gm 

323 

Gf 6 

Active pellagra 

0195 






337 

6/13 

Active pellagra 


0 252 


0 225 

0 273 

0 335 

338 

6/13 

Active pellagra 

0 214 

0 235 


0 219 

0179 

0161 

339 

6/15 

Active pellagra 

0136 






341 

6/24 

Active pellagra 


0169 


0162 

0 268 

0107 

347 

6/27 

Active pellagra 




0185 

0 237 

0 227 

352 

7/ 2 

Active pellagra 




0 225 



318 

5/12 

Convalescent 


0 225 


0 286 

0180 

0 325 

319 

5/12 

Convalescent 

0 305 

0 283 





323 

5/21 

Com aleseent 


9 234 

0148 

0 345 

0 492 

0 195 

324 

5/24 

Convalescent 


0 516 





325 

5/26 

Com aleseent 


0 263 

0 222 

0 287 

0 228 

0 201 

328 

5/29 

Convalescent 






0181 

332 

6/ 4 

Convalescent 

0 229 






Con 









trols 









1 


Nonpellagrous 


0136 

0 248 



0 218 

2 


Nonpellagrous 



0 202 

0 237 

0 263 

0 286 

3 


Nonpellagroi s 


0151 


0 310 

0179 

0163 

4 


Nonpellagrous 





0170 



Average of tests of pellagra patients 0 211 

Average of tests of convalescent patients 0 271 

Average of tests of controls . 0 214 


TABLE 4 — Preliminary Period Total Nitrogen, Ammonia Nitrogen, and 
Ammonia N Ratio to Total Nitrogen 



Date 

Total Nitrogen 


Ammonia Nitrogen, 

Ammonia N to Total 

Case 

Ad 

mittod 

' 

Gm 



Gm 


Nitrogen, per Cent 


6/23 

0/28 

7/5 

7/9 

6/22 

6/27 

7/5 

7/9 

6/22 

6/27 

7/5 

7/9 

Actne 














331 

6/ 4 

9 022 




nm«« 




7 58 




333 

6/ 6 

7 448 




1 502 




Eilfl 




337 

6/13 

8 439 

7 310 

10 575 

9 780 

1 497 

1 399 

1 619 

1 126 

17 74 

1914 

15 31 


338 

6/13 

4 782 

6 431 

6 481 

8 305 

0 987 

1243 


1091 

20 64 

19 33 

16 96 


339 

6/15 

8 439 




0 507 




■ixoa 




341 

6/24 


5 936 

3 955 

5 479 


0 724 


0 593 


StSfcOI 

17 83 


347 

6/27 



5 590 

6 890 



MMJ 

0 328 



7 14 


352 

7/ 2 



7 420 




0 595 




8 02 


Average 


7 620 



7 636 

1 035 

1 122 



14 43 

16 89 


10 02 

Conval 














cscrag 






■ 7 H 








312 

5/ 1 

12 527 








5 88 




318 


8 859 

8 727 

10 805 

15 730 

UtiI 


0 927 

0 824 

5 38 

6 62 

8 58 

5 24 

319 


13 940 

15 752 



fjESl 

I 



6 38 

6 34 



323 

5/21 

13 026 

11 14G 

9 499 

12 044 

0 927 

i 

0 995 

0 913 

7 12 

7 66 

10 47 

7 58 

324 

5/24 

8180 

8 932 



1390 

t 



17 00 

10 20 



325 

5/26 


6185 

10 410 

10 158 

1 374 

f tR 

0 8S2 

0 610 

12 63 

18 00 

8 47 

6 01 

327 

5/27 

7,448 




0 692 




9 29 




330 

6/ 2 

9 099 




1 137 




11 72 




332 

6/ 4 

9 839 




0 S39 




8 53 




Average 


Ei 

10 148 

10 238 

12 644 

0 °40 

0 902 


0 782 

’ 9 33 

9 94 

917 

6 28 

Controls 

Nonpella- 














grous 














i 


11 262 

10 065 



0 600 

0 572 



5 33 

5 as 



3 


14 902 

15120 

15 890 

12 916 

0 958 

0 783 

0 889 

0 882 

0.43 

518 

5 66 

635 

3 


13 882 

9 052 

15 060 

10 566 

0 575 

0 348 

0 741 

0 490 

4 14 

3 84 

4 92 

4 64 

4 


9162 

8 850 


7 072 

0 431 

0 445 






5 36 

Average 


12 302 


15 475 






515 

4 93 

5 29 

5 45 
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From July 13 to Sept 13, 1917, inclusive, the urme was analyzed for 
each patient at entrance or shortly after entrance to the hospital and 
then at least twice a week From Sept 13, to Oct 11, 1917, the urme 
was analyzed only once a week The analyses included the determina- 
tion of volume, specific gravity, total nitrogen, urea, ammonia, uric acid 
and creatmin, and the qualitative testing for mdican and albumin of the 
twenty-four hour urme for all uncomplicated or little complicated cases 
in the hospital The collected data are given m Table 5 with the cases 
arranged 'in groups according to the severity of the symptoms The 
different items of the table may be dealt with separately at least m part 

VOLUME AND SPECIFIC GRAVITY 

The average volume individually for the four normal individuals in 
fifty-seven tests from July 13 to October 11 was 1,176, 1,009, 759, 855 
cc, respectively, with a general average of 950 cc The correspond- 
ing specific gravities were 1 027, 1 032, 1 031, and 1 031, respectively, 
with a general average of 1 030 These data were gathered m warm 
weather, when the controls were perspiring freely in the warm labora- 
tory The average for the first two tests m July for the controls was 
936 c c volume and 1 031 specific gravity The average volume for the 
last tests for four normal persons working m the laboratory from 
August 22 to August 31 was 844 c c The averages for the first estima- 
tion of volume and specific gravity for twenty-six pellagra patients, 
when the patients were nearest the active pellagra period and the short- 
est time on a remedial diet, were 1,158 cc and 10196 respectively 
These averages include a case of polyuria Excluding this case, the 
average volume for the pellagra patients becomes 1 039 c c , and the 
average specific gravity 1 020 

The average of the last determinations for the patients taken just 
before each patient was discharged or for a few patients a short time 
before discharge, at the time the patient was well on the road to con- 
valescence and showed no outward sign of pellagra, was 1,420 c c for 
volume and 1 0196 for specific gravity Excluding the case of polyuria 
of over 3,800 c c volume, the volume of the urme m the last determina- 
tions becomes 1,322 c c and the specific gravity 1 020 

Excluding the case with polyuria, nineteen out of twenty-five cases 
increased in volume of the urme in the hospital , seventeen increased in 
specific gravity, seven increased in both volume and specific gravity, 
two increased m specific gravity with little change m volume , and one 
increased considerably in volume with no change in specific gravity 

Of the cases studied, three classifications were made those with 
intense extensive eruption or with considerable erythema and marked 
general malnutrition and general weakness were classed as severe cases , 
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those with considerable erythema and with but slight evidence of mal- 
nutrition and weakness were classed as moderate cases, those -with 
mild skin symptoms and slight systemic involvement were classed as 
mild cases 

Excluding the case of polyuria in the estimation of \ olume, the 
severe cases have a much smaller volume (799 cc ) than the moder- 
ate cases (1,053 cc) and these, m turn, less than the mild cases 
(1,376 c c ) 

The possibility that the increase in average \ olume of urine fiom 
the active pellagrous stage to the stage in which the signs and symptoms 
of pellagra have disappeared is tied up with a change in season or a tem- 
perature change with less sweating, is btit a small part — a very small 
part — of the explanation of the change in volume Thus, of seven 
cases (Cases 353, 357, 337, 347, 358, 378, 375) in the tests from July 12 
to August 31, the increase in average volume from the first test to the 
last is from 831 cc to 1,374 cc Four normal persons, woikmg in the 
laboratory, varied in that period from 936 average volume to 844 c c — 
a slight loss in fact Five cases (Cases 341, 381, 285a, 370, 390, foi the 
most part cases with large initial volume) deci eased in volume from the 
first test to the last tests, during the period from July 12 to Octobei 11 
Several cases (Cases 400, 385, 395) were practically constant in volume 
in the first and last tests For Case 338, the cessation of the diarrhea 
would explain in part, at least, the increase in volume in the convales- 
cent stage The change in volume between the first and last tests in the 
hospital would thus seem to be tied up with a greater or less return of 
the patients to the average volume that would normally obtain for them 
on a diet such as they had at the hospital and a similar mode of In mg 
This conclusion is strengthened by the fact that the average for all types 
of cases, severe, moderate and mild in the last analyses is approximately 
1,400 c c 

The increased volume of the urine of the convalescent cases in the 
hospital may be due (1) to a change m the consistency of the feces 
(what few batches of feces we had occasion to examine were, in the 
active stage of the disease, rather bulky and soft with apparently a high 
water content) , (2) to greater intake of food with a resultant greater 
intake of fluid, and (3) to the greater intake of water as such to aid in 
the excretion of the greater nitrogenous waste as found in the urine in 
the convalescent stage As to the volume of the urine in pellagra, 
Marie 10 states “Of 100 pellagra patients, the quantity of urine m 
twenty-four hours showed an average of 900 c c with a minimum of 
500 c c , and a maximum of 1,900 c c The quantity is, therefore, less 

19 Marie Pellagra Translated by La\ mder and Babcock, Columbia S C 
1910, p 215 
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than normal Calderm also found m 35 per cent of his pellagra patients 
a great diminution of the quantity of urine ” 

Whatever may be the reason, therefore, the fact remains that for 
the pellagrins studied at the pellagra hospital m 1917 there is predom- 
inantly a decrease in the volume of the twenty-four hour urine m 
the pellagrous period as compared with the stage when the signs and 
symptoms have disappeared 

TOTAL NITROGEN 

The elimination of total nitrogen, as shown by the tests made as soon 
as possible after the patient had been admitted to the hospital, was very 
much below that of normal persons 

The total nitrogen of the urine of twenty-six cases (Cases 337 to 
400) in the first tests made, including analyses made m one case (Case 
371) of the twenty-four hour urine collected m the home one week 
before admission to the hospital varied from 3 043 to 10 468 gm , with 
an aierage of 6 214 gm The total nitrogen of the urine in the first 
test after admission to the hospital with at least one day on the hospital 
diet varied from 3 043 to 10468 gm , with an average of 6 257 gm 
When divided according to the seventy of symptoms, the average total 
nitrogen of ten severe cases at the first test made on or very shortly 
after entrance to the hospital was 4 857 gm , of ten moderate cases 
6 695 gm , and of 6 mild cases 7 669 gm The total nitrogen for the 
last estimation before discharge varied from 5 199 m Case 353 (with 
some mental symptoms and a finicky appetite) to 15 398 gm , with an 
average of 10 588 gm Leaving out this case in the last estimation, 
the average total nitrogen of the urine of the cured patients becomes 
10 804 gm Here, again, the total nitrogen of the urine of 10 severe 
cases (9 848 gm ) is lower than that of the moderate cases (10 642 gm ) 
and the mild cases (11 733 gm) 


AMMONIA, UREA, URIC ACID, CREATININ 

Total nitrogen of the urine collected shortly after the patient had 
entered the hospital is on the average, as shown, low (6 214 gm ) The 
urine likewise shows a low absolute content of ammonia nitrogen 
(0 519 gm ) , a low uric acid (0 116 gm ) , a low creatinm nitrogen 
(0 279 gm ) , a low urea nitrogen (4 457 gm ) The ratio of urea 
nitrogen to total nitrogen is low (71 81) , the ammonia ratio is high 
(8 453), the creatinm ratio slightly high (4 60), the undetermined 
nitrogen ratio high (13 48) , the creatinm coefficient low (5 82) The 
low ratio of urea nitrogen to total nitrogen and the heightened ammonia 
ratio are in accord with the findings of Camurri, while the data, as a 
whole, are an accentuation of the findings of Myers and Fine 



S ULLI V A N-STA NT ON-DA IV S OK — PELL 4GRA 397 

In the case of the urine of the same patient about to be discharged, 
or well along in the convalescent stage with no outward manifestation 
of pellagra and with a heightened joy of living and sense of well being, 
the total nitrogen and urea are much increased , the urea ratio is much 
greater , the ammonia ratio is much reduced , and the ratio of undeter- 
mined nitrogen is much reduced 

When the patients are divided into groups according to the severity 
of the symptoms, extent and vividness of the erythema and general 
weakness and malnutrition with more or less skin symptoms, it may 
be seen from Table 5 that the severe cases have a smaller value for 
volume (excluding a case of polyuria) specific gravity, total nitrogen, 
ammonia nitrogen, uric acid nitrogen and urea, and for the creatmm 
coefficient than the moderate cases and the moderate cases less than the 
mild cases On the other hand, the severe cases have a higher ratio of 
ammonia nitrogen to total nitrogen than the moderate cases and these, 
in turn, have a higher ratio than the mild cases 

Bearing in mind the results of the urinary analyses made shortly 
after the patient had entered the hospital, it becomes of interest to com- 
pare the results of Table 5 (a) with the data given by Fohn on different 
diets of low and high protein 

Folin 20 shows that urine obtained from normal persons does not 
necessarily exhibit any such constancy m composition as has been sup- 
posed to be the case Quantitative changes in the daily protein catab- 
olism are accompanied by pionounced changes in the distribution of 
the urinary nitrogen and sulphur and the variations occur according to 
laws that can be formulated with a fair degree of precision The nature 
of these variations may be expressed by the following generalizations 
“1 Creatmm — The absolute quantity eliminated in urine on a meat- 
free diet is a constant quantity different for different individuals but 
wholly independent of quantitative changes in the total amount of 
nitrogen eliminated 

< “2 Uuc Aad — When the total amount of protein metabolism is 

greatly reduced the absolute quantity of uric acid is diminished but not 
nearly in proportion to the diminution m the total nitrogen and the 
per cent of uric acid in termsmf the total is therefore much inci eased 
“3 Ammoiua — With pronounced diminution m the protein metab- 
olism as shown by the total nitrogen in the urine there is usually but 
not always and therefore not necessarily a decrease m the absolute 
quantity of ammonia eliminated A pronounced reduction of the total 
nitrogen is, however, always accompanied by a relative increase in the 

20 Folin Laws Governing the Chemical Composition of Urine, Am J 
Physiol 13 67, 1905 
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ammonia nitrogen, provided that the food is not such as to yield an 
alkaline ash 

“4 Uiea — With e\ery decided diminution m the quantity of total 
nitrogen eliminated there is a propronounced reduction m the per cent 
of that nitrogen represented by urea When the daily nitrogen has been 
reduced to about 3 or 4 gm , about 60 per cent of it only is m the form 
of urea ” 

The picture afforded by the results of urinary analysis in the active 
pellagra stage of the hospital patients of 1917 is that of malnutrition 
and low protein metabolism with low total nitrogen elimination , with, 
in general, a lowered ammonia elimination, though a few have an abso- 
lute increase in ammonia elimination , with, in general, a heightened 
ratio of ammonia nitrogen to total nitrogen, with the uric acid some- 
what diminished but not in proportion to the total nitrogen , with a low 
creatmm but with little variation with change in the total nitrogen from 
the pellagrous to the convalescent stage , with low urea and a low ratio 
of urea nitrogen to total nitrogen It may be pointed out that the urea 
ratio in some cases with not very low total nitrogen (Cases 337, 338, 
369 and 375), is much lower than would be expected Thus, the average 
total nitrogen of these four cases is 9 238 gm , the average urea ratio 
only 64 13 

The constituents dependent on exogenous factors, urea and ammo- 
nia, are in agreement with the protein catabolism, those of endogenous 
origin, uric acid and creatimn, are, in general, in harmony with the poor 
physical condition of the patients, low 7 vitality and more or less atrophy 
of muscle 

The uric acid elimination, on the average, differs iery little in the 
active stage from that of the convalescent patients The creatimn 
elimination remains low 7 , as shown by the creatimn coefficient, which 
averages 5 17 for the acute stage of the severe cases and 5 54 for the 
same patients about to be discharged , 5 52 for the moderate cases and 
6 65 for the same patients about to be discharged , 7 39 and 715 for the 
corresponding periods m the case of the mild attacks The creatimn 
coefficient of the patients with a mild attack of pellagra is comparable 
with that of normal persons, which varies from 7 to 11 

The severity of attacks of pellagra may be differentiated primarily 
by the extent and intensity of the eruption and secondly by the eruption, 
general malnutrition, and subjective symptoms Goldberger, Wheeler, 
and Sydenstricker 21 suggest “the possibility if not the probability that 
pellagra includes at least two commonly 6 associated but etiologically 
essentially distinct though closely related syndromes, namely (1) the 

21 Goldberger, Wheeler and Sydenstricker J A M A 71 944 (Sept 21) 
1918 
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syndrome that is comprehended by the phrase “pellagra sine pellagra,” 
and (2) “the dermatitis or pellegra without or with only slight sub- 
jective manifestation ” Of the hospital patients considered in the 
present report, at least two rough classifications can be made, ( 1 ) those 
with marked skin symptoms but otherwise not much physical deteriora- 
tion, a class which may be called dermal, (2) those with moderate or 
slight skin symptoms but with general weakness, paresthesia, and 
marked intestinal upset, a class which may be called systemic The 
differentiation into classes is more noticeable in the severe cases 

Dividing the severe cases into these groups as shown in Table 6, it 
may be seen that the total nitrogen, urea nitrogen and creatmin nitrogen 
of the systemic group are lower than those of the dermal group, and 
that the ratio of the urea nitrogen to total nitrogen is lower for the 
systemic group, that the creatmin coefficient is lower, the undetermined 
nitrogen and the ratio of undetermined nitrogen to total nitrogen is 
higher The biochemical study, therefore, offers support for the view 
of Goldberger, Wheeler, and Sydenstricker as to distinct syndromes 


TABLE 6 — Urinary Data in Pellagra in Relation to Dominance of 

Manifestations 
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TOOD UTILIZATION IN PELLAGRA 

The data gathered in Table 5 (a) show the picture of a low protein 
metabolism This conclusion brings up the question of food utilization 
in pellagra, especially the utilization of protein Including the prelimi- 
nary period, June 22 to July 13, the "total nitrogen of the food consumed 
during the time the first twenty-four hour urine was being collected 
varied (as given in Table 7 ) from 7 134 to 16 571 gm with an a\erage 
of 11 388 gm One week later, the average quantity of food consumed 
by each individual for the day the urine was being collected and the day 
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previous, varied from 7 775 to 16 594 gm with a general aveiage of 
12 748 gm The body weight at the outset of the urine study varied 
from 39 kg for an adult female to 68 745 kg for a stiongly built male, 
with an average of 47 51 kg The appetite of the patients who had 
just entered the hospital was, in general, fair, the quantity of food 
eaten and the nitrogen thereof was not excessively low However, the 
nitrogen exci eted m the urine, with little gam in weight, remained low 
for several weeks, as shown in Table 7 It is not uncommon, in fact, 
to find a slight loss or no gam in weight during the first week or two of 
residence in the hospital It would seem that the ability to assimilate 
food is low m pellagra, that the power to utilize food is m general only 
slowly regained 

Myers and Fine, 4 working in cooperation with the Thompson- 
McFadden Commission, conclude from their results on metabolism 
studies of pellagrins that the ability of the pellagrins to absorb their 
food is only slightly, if at all, impaired, and that whatever impairment 
there was is, in part, due to diarrhea Myers and Fine’s cases, as 
judged by their case histones, were for the most part mild cases at the 
time experimental work began 

Hunter, Givens and Lewis 5 studied nitrogen balances on seven 
patients at the Pellagra Hospital, Spartanburg, S C , in 1914 Two of 
these patients (Cases 2 and 14) had been on a highly nourishing reme- 
dial diet for twenty-six and eighteen days, l espectively, before the 
metabolism study was started One of these at entrance was a mild 
case, the other was a severe case The utilization of protein by these 
cases was, respectively, piactically 93 and 88 per cent The five other 
cases studied by Hunter, Given and Lewis for nitrogen balances 
(Experiments 3 to 7, Cases 1, 19, 36, 46 and 32) were on a low protein 
vegetable diet, somewhat comparable to a pellagra producing diet 
These five cases showed a low protein utilization Thus, Case 1 showed 
a protein utilization varying from 76 to 85 , Case 19, from 60 to 67 
per cent , Case 36 over the whole period of twenty-three days had a 
protein utilization of only 71 5 and for the first period of eight days, 
the period of best utilization, only 77 2 per cent , Case 46 over the whole 
period of study of twenty-seven days had a protein utilization of 81 5 
per cent , Case 32, described as a mild case, was for seven days on the 
vegetable diet, for a second period of nine days on a modified vegetable 
diet, and for seven days on a diet containing a high content of animal 
protein in the form of meat and eggs During the first two periods, the 
nitrogen balances were negative and the protein utilization was low, 
73 5 per cent , during the last period on a high protein diet the utiliza- 
tion was 87 5 per cent 

It would seem, therefore, that on a low protein vegetable diet the 
utilization of protein by active pellagrins is low and that, as shown in 



TABLE 7 — Data on Relation of Nitrogen Intake and Excretion to Weight 
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Case 32 of Hunter, Givens and Lewis’ study, the utilization of the 
protein of a high animal protein diet was 87 5 per cent when determined 
immediately after the change from low protein to a high protein diet 
Wilson and Roaf 22 earned out a partial metabolism experiment on 
two groups of men in Egypt, a group of five healthy men and a similar 
group of five pellagrins said to he in the convalescent stage They , 
found the loss of nitrogen in the feces was “35 per cent in the pella- 
grins, and 33 per cent in the healthy men, a difference of 6 per cent ” 

In our work it was found that with no gam m weight on the average, 
with a good intake of nitrogen, the nitrogen of the urine in the early 
days of the patient’s stay in the hospital was small These findings 
implied that the utilization of protein was low Accordingly, a group of 
patients was selected for a study of the nitrogen balance for a three-day 
period, July 31 to August 2, inclusive The results are given in Table 8 
The protein utilization varied from 73 9 per cent for a severe case, a 
patient who had been on hospital diet G for fifteen days, to 92 6 for a 
severe case in which hospital diet B was given for thirty-seven days, 
with an average for the six patients of 84 5 It is now our belief that 
we worked with patients well on the way to convalescence, and that if 
we had tested patients m the first few days of their residence m the 
hospital, the protein utilization would have been smaller In passing, it 
might be said that m three or foui weeks on a diet rich in milk, meat, 
and eggs, etc , the patients greatly improve in well being, in the joy 
of living, and that m addition the skin symptoms show marked 
amelioration 


TABLE 8 — Protein Utilization in Pellagra 


Case 

Nitrogen 
of Food 

Nitrogen 
of Dnne 

Nitrogen 
of Feces* 

Nitrogen 
of Urine 
nnd 
Fecal 
Nitrogen 

Nitrogen 

Balance 

Per- 
centage 
Utiliza- 
tion of 
Protein 

Diet 

Days 

on 

Diet 

Before 

Utiliza- 

tion 

Test 

Diar 

rhea 

337 

19197 

13 486 

3 513 

16 999 

2198 

81 7 

B+% 

48 

No 

33S 

16C04 

10 930 

1 505 

12 455 

4169 

909 

B 

48 

No 

341 

16 604 

8 45S 

1 236 

9 694 

6 910 

92 6 

B 

31 

No 

347 

12 311 

9 444 

1 848 

11 292 

1019 

850 

G 

34 

No 

357 

12 992 

8 727 

3 391 

12 118 

0 874 

73 9 

G 

15 

No 

35S 

12 812 

7 711 

2 233 

9 914 

2 868 

82 6 

G 

15 

Slight 

Aver 

15 0S7 

9 793 

2 288 

12 084 

3 006 

84 5 


32 



* Oarmin was used as a marker Tlie nitrogen was determined on the fresh sample 


The facts on protein utilization as mai shaded by us are (1) 
patients who had been on a remedial diet for at least fifteen days before 
the protein utilization tests were made showed a utilization varying 
from 73 9 to 92 6 per cent , with an average of 84 5 per cent , (2) in the 

22 Wilson and Roaf Report of a Committee Regarding Prevalence of 
Pellagra Among Turkish Prisoners of War, 1919 Appendix 8, p 57 
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first analysis after entrance to the hospital and one week later the 
average nitrogen of the urine was only 5 923 and 8 135 gm , respectively, 
while the average nitrogen of the food eaten was 11 388 and 12 748 gm , 
respectively, (3) that notwithstanding a good intake of food, there 
was no gam in weight m the first week in the hospital Taking all these 
data together, we should judge that the utilization of protein by persons 
suffering with marked pellagra tends to be somewdiat subnormal 23 

QUALITATIVE TESTS 

Indican — Inchcan 24 as determined by Obermayer’s leagent and 
extraction with chloroform was positive in the urine of all patients The 
occurrence of indican in the urme has been reported by a number of 
investigators In our work, the indican reaction was much stronger for 
the severe cases than for the moderate or mild cases No great stress 
was put on indican in the urme as a symptomatic mark in pellagra, 
however, for as well shown by Hunter, Givens and Lewis, pellagra is 
compatible with any degree whatever of mdican production even with 
none at all and Goldberger and Wheeler found little, if any, mdican in 
the urme of their volunteers on a mainly cereal diet by means of which 
they experimentally produced pellagra in previously healthy normal 
persons Further, following the lead of Myers and Fine who found 
increased amounts of mdol and skatol in the feces of pellagrins, several 
cases were noted in which the feces would give strong qualitative tests 
for mdol and skatol with little mdican in the urme Baumstark 25 claims 
that mdol fo) motion m the intestine and the exaction of tndovyl do not 
i tin parallel 

All the patients tested showed mdican in the urme, some strikingly 
The mdican must arise from more or less putrefaction m the intestine 
due to a varying degree of nonutilization of protein to slow assimila- 
tion of protein fission products such as tryptophan, to ai arying degree 
of retention of feces, and an active putrefactive flora 

Unknown Substances — Ehrlich’s diazo reaction 20 and Russo’s 
methylene blue reaction 20 were positive in the urines of many of the 
hospital patients 

23 Some investigators of pellagra believed that once a pellagrin always a 
pellagrin This view is no longer tenable Despite the fact that in manj 
cases the gastric juice is more or less deficient in hydrochloric acid even m 
the cases as discharged from the hospital, the general condition, activity, and 
appearance of the discharged patients as a whole would put them in the normal 
class, a class they would remain in as far as pellagra is concerned as long 
as the proper diet and normal modes of living are adhered to 

24 Most of the mdican tests were made by Assistant Surgeon C H Waring 
of the medical staff 

25 Baumstark Munchen med Wchnschr 1 722, 1903 

26 See Havk’s Practical Physiological Chemistry, Ed 5, Philadelphia, P 
Blakiston Sons. Co , pp 454, 455, 1917 
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Physiologic Bases — Taking the high indican and the diazo reaction 
of the urine, and the presence of slcatol and mdol in the feces, as sug- 
gestive of an abnormal protein metabolism, large batches of the patients’ 
urine were tested for physiologic bases The bases sought for were 
beta-iminazolyl-ethylamme (C S H 9 N S ) which Ackermann 27 found to be 
produced from histidm by the action of putrefactive bacteria and 
obtained from the intestinal mucosa by Barger and Dale 28 , mdolethyl- 
arnin (C 10 H 42 N 2 ) obtained by Ewins and Laidlaw 29 , parahydroxy- 
phenyl-ethylamme from tyrosm as shown by Barger and Walpole 30 , the 
diamms, putrescin and cadaverm Using accepted methods, various 
types of basic material were isolated from the pellagrous urines but not 
m large enough amounts to be satisfactorily identified 

Albumin and Casts — Evidence of kidney abnormalities in pellagra 
has been previously reported 31 In the Illinois investigation, degenera- 
tive changes were found in the renal epithelium with more or less inter- 
stitial nephritis Myers and Fine found granular and hyalin casts in 
the urine of a number of cases In our work little evidence of kidney 
change was noted for the mild cases Of the severe and moderate cases, 
about 50 per cent gave evidence of kidney abnormalities as witnessed 
by the presence of albumin and casts in the urine 32 However, as 
shown in Table 5, there can be marked cases of pellagra with no evidence 
whatever of kidney change 

SUMMARY 

The study of the urine in pellagra at the U S Pellagra Hospital 
m 1917 may be summarized as follows 

1 The mineral metabolism seemed to be abnormal especially in the 
actively pellagrous stage as witnessed by the low P 2 O s excretion despite 
the fact that the diet taken at the time was a generous one with abun- 
dance of milk 

2 Indications were present of a heightened putrefactive process m 
the intestines 

3 The presence of casts or albumin or both casts and albumin in 
the urme gave evidence of more or less kidney change in about 50 per 
cent of the cases Marked pellagra can occur with no evidence of 
kidney change 

27 Ackermann Ztschr f physiol Chem 64 504, 1910 

28 Barger and Dale J Physiol 41 499, 1911 

29 Ewins and Laidlaw Proc Chem Soc 26 343, 1910 

30 Barger and Walpole J Physiol 38 343, 1909 

31 Pellagra in Illinois Condensed Report of the Illinois Pellagra Com- 
mission, Arch Int Med 10 123, 219 (July-Aug) 1912 

32 The evidence regarding casts in the urine was taken from the clinical 
records made by Assistant Surgeon C H Waring 
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4 There was low excretion of total nitrogen and the ordinary 
urinary ingredients 

5 The urea ratio, m general, was low, and in certain cases with 
fair total nitrogen the urea ratio was lower than should be expected — a 
finding which suggests liver insufficiency 

6 There was a heightened ratio for ammonia nitrogen and unde- 
termined nitrogen 

7 The metabolic level during the active stage of the disease was low 
as further shown by the low excretion of uric acid and creatinin 

8 The creatinin coefficient was much below normal 

9 The utilization of protein was found to be subnormal, even after 
several weeks of a remedial diet 

10 With at least a month on the curative diet, the urinary ingre- 
dients rose to approximately normal amounts, the urea ratio rose to 
normal and the ammonia ratio fell to normal 

11 As suggested by Goldberger, Wheeler and Sydenstricker, the 
disease may be differentiated into at least two types (1) a type with 
marked skill symptoms but with little physical degeneration, and (2) a 
type with slight skin symptoms but with profound systemic involvement 
The abnormality in the urinary findings was greater for the systemic 
type than for the dermal type 



HEMOCHROMATOSIS 


REPORT OF FOUR CASES * 

WYNDHAM B BLANTON, MD, and WILLIAM HEALY, MD 

RICHMOND, VA NEW YORK 

Hemochromatosis is a chronic disease of males occurring during 
middle life Abbott 1 has reported one authentic case in a woman 
It is characterized by (1) a pigmentation of the skin that varies from 
yellow to ashen gray and involves by preference the exposed parts, 
the axillae, and the genitals, (2) cirrhosis of the liver with mod- 
erate enlargement, (3) slight enlargement of the spleen, (4) fibrosis of 
the pancreas and lymph nodes, (5) hyperglycemia with or without 
glycosuria 

It is not a common disease There are records of but four cases 
of genuine hemochromatosis among 5,000 recent necropsies in Bellevue 
Hospital Fuchter 2 found only three instances of this disease in the 
clinical records of the Johns Hopkins Hospital, covering 106,000 
admissions 

Clinically, hemochromatosis may easily be confused with other dis- 
eases attended by pigmentation of the skm The pigment may not be 
visible It may be late in its occurrence It is very frequently a 
postmortem revelation During life the only certain method of diag- 
nosis is the microscopic demonstration of iron reacting pigment m the 
skm 

Pathogenesis of the Disease — The chief interest m this disease 
centers around the remarkable and widespread pigmentation that occurs 
Inf act, if we could lose sight of the presence of this pigment altogether, 
the pathology of the disease would narrow itself down to that of an 
ordinary cirrhosis of the liver, spleen and pancreas, accompanied by 
clinical evidence of diabetes m a greater proportion of cases than we 
are accustomed to find in simple interstitial lesions of the pancreas 

The origin of the pigment has been variously ascribed to (1) 
increased iron ingestion, (2) increased iron absorption, (3) decreased 
iron output (a, inability of the intestines and kidneys to put out iron, 
b, inability of the iron containing cells anywhere in the body to part 
with their iron) , (4) fragility of the iron conveyors (erythrocytes), 
and (5) specific derangement of the organs that have to do with iron 
metabolism (liver and spleen) 

*From the Pathological Laboratory of the Bellevue Hospital, New York 

1 Abbott Pig Cirrhosis in a Case of Hemochromatosis, P Path & Bact , 
755, 1901 

2 Futcher Hemochromatosis with Diabetes, Am J M Sc , 133 78, 1907 
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Natwe of the Pigment — 1 Hemosiderin This pigment is distin- 
guished by the fact that it contains iron Its exact chemical formula 
is as yet undetermined It is easily deinonsti ated by Perl’s method, 
appearing in the form of coarse Prussian blue grannies It is the 
more important pigment in hemochromatosis The lnei in a marked 
case of hemochromatosis is literally o\errun with it, quantitative chem- 
ical determinations showing as much as one hundred times the normal 
amount of iron 

2 Hemofuchsm This is an iron-free pigment that does not give 
Perl’s reaction The formula is not known It occurs as fine light 
brown granules It is never present m great amounts, and, indeed, 
its very existence has been disputed by Abbott, Beattie and others, 3 
their contention being that, due to age, the iron is more firmly bound 
than in ordinary circumstances, and that by the use of hot reagents 
and a greater amount of time, the so-called hemofuchsm may be shown 
to contain iron In carrying out this test, the frequency with which 
one encounters green and greenish blue reactions is supposed to add 
weight to this contention, especially in view of the fact that such green 
reactions can be turned into the typical Prussian blue reactions by using 
hot hydrochloric acid and giving the reaction sufficient time We are 
inclined to believe that when the proper technic is observed, most, if 
not all, of the pigment can be shown to contain iron 

Distribution of the Pigment — The organs m which pigment con- 
taining iron has been found are numerous They include the liver, 
pancreas, lymph nodes, spleen, heart, suprarenals, thyroid, hypophysis, 
prostate and skin Small amounts of such pigment occur also in the 
wall of the gastro-intestmal tract, m the testes, kidneys and bone mar- 
row The central nervous system and the lungs are comparatively free 
from it The great mass of the iron pigment is found in the liver, 
pancreas and abdominal lymph nodes Where the pigment occurs in 
such masses it is both extracellular and intracellular Usually m those 
organs in which this extracellular pigment (overflow pigment) occurs 
we find scarring and connective tissue overgrowth Since the two 
processes run parn passu, the indication is that they are related Con- 
firmatory of this is the fact that while great quantities of pigment are 
sometimes present m the heart, thyroid, suprarenals and hypophysis, it 

is entirely within the cells and is unaccompanied by fibrous change 
* 

3 Beattie Hemochromatosis with Diabetes, J Path &. Bact , 9 117, 1903 
Hess and Zurhelle Clin u Path Anatom d Bronz Diabetes, Ztschr f klin 
Med , 62 344, 1905 Heller Skm Changes in Bronze Diabetes, Deutsch med 
Wchnschr , 30 1716, 1907 Simmonds Bronze Diabetes and Pig Cirrhosis, 
Berl klin Wchnschr, 46 531, 1909 Berg Bronze Diabetes, Med Rec, 56 
117, 1S99 
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The site of election of this pigment is apparently the actively func- 
tioning cells of the parenchymatous organs It occurs also in the endo- 
thelial cells of the blood vessels and ducts, in the heart muscle cells, 
and in Kupfer’s cells in the livei The connective tissue cells are also 
rich in hemosiderin in such organs as the liver and pancreas, but, as 
Sprunt 4 points out, this is probably secondary to the disruption of the 
overladen cells of the parenchymatous organs The presence of hemo- 
siderin m the connective tissue cells is never seen m such organs as the 
thyroid, suprarenals and hypophysis, though there may be great quan- 
tities of pigment, there is, nevertheless, no evidence of extensive cell 
destruction 

The pigment which, in the hands of certain workers, has failed 
to stam blue with the potassium-nitroprussid-hydrochlonc acid reaction, 
the so-called hemofuchsm, is never a very prominent feature of the 
microscopic picture It is described as fine light brown granules occur- 
ring in smooth muscle cells and also in the connective tissue cells 

Theories Explaining the Piesence of Pigment — Of purely theo- 
retical interest is the idea which has been advanced that there may 
be an increase of ingested iron in the diet Likewise, there is no 
proof of an increase in the known constant iron absorption which 
characterizes normal metabolism 

Turning to the question of whether there is a decreased iron output, 
we have first to consider a block in those excretory organs which are 
known to excrete iron MacCallum 5 has suggested that the fault may 
lie in the intestines, the specific cells of iron excretion having lost 
that function The kidney might likewise share in the iron block 
Histological evidence is against such a view, because if such a sievelike 
action was operative, the iron would be expected to accumulate at the 
point of obstruction As a matter of fact, the kidney and intestines 
in hemochromatosis are relatively poor m iron In a case of bronze 
diabetes, Garrod was unable to detect any iron m the urine, stools or 
bile 

Iron is known to be widely present under normal conditions in the 
tissues It enters into the chemical equation of all nucleoprotems, 
which are essential constituents of all cells All cells of the body 
normally, therefore, have a part m iron metabolism, though in some 
organs they participate more actively than m others This may be 
spoken of as a part of their chromogenic function This fact, taken 
m conjunction with the known pathologic anatomy, i e , of a widespread 
distribution of iron pigment m tne cells, gives the basis of the theory 

4 Sprunt Hemochromatosis, Arch Int Med, 8 75 (July) 1911 

5 MacCallum A Textbook of Pathology 
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advanced by Sprunt/ Parker, 0 Beattie, 3 and others, that some unknow n 
agent injures the cell m such a way as to interfere with or destro) its 
iron metabolizing or chromogenic function The cells which formerly 
metabolized their iron m a normal manner now become depots for its 
deposit, the machinery for moving it having in some w r ay been injured 
or destroyed This is somewhat analogous to the familiar obseivation 
of fat accumulation m injured cells 

The erythrocytes are known conveyers of iron in their hemoglobin 
The great majority of the earlier writers assumed that excessive 
destruction of red blood corpuscles was the source of the accumulated 
iron This idea was advanced by Von Recklinghausen 6 7 in his original 
description of the disease, and has since had the support of such authoi s 
as Osier, Abbott, 1 Opie, 8 9 Marie, Anschutz 0 and others 

Doubt of the validity of this argument is aroused by the fact that 
there is no anemia associated with hemochromatosis , that the red blood 
corpuscles are normal in appearance, and to fragility tests, and that 
spectroscopic examination of the blood serum shows normal hemo- 
globin At the same time, there is no reactive change on the part of 
the bone marrow, and there is no sterobilm and urobilin Moreover, in 
severe and chronic anemias there is no comparable generalized pigmen- 
tation, as one would expect were the theory of Von Recklinghausen 
correct 

On the other hand, hemorrhage and purpura have been features 
in a number of cases Roth contends that there is an active blood 
destruction, though m his opinion this does not satisfactorily account 
for the whole picture He cites cases with the blood picture and clin- 
ical findings of pernicious anemia The fact that the majority of the 
cases show no blood change he explains on the ground that there is 
an active compensatory erythrocythemia Roth claims to have seen 
in the spleen and lymph glands small, irregular forms of red blood cells 
as well as young and immature cells Rossle 10 demonstrated the 

6 Parker Case of Bronze Diabetes, Brit M J, 2 1052, 1903 

7 Von Recklinghausen Ueber Hemochromatose, Tagebl d Vcrsammcl 
d Naturf u Aertzte, 324, 1889 

8 Opie Hemochromatosis and Bronze Diabetes, J Exper Med, 4 
279, 1899 

9 Anschutz Diabetes with Bronze Skin , Hemochromatosis and Atrophic 
Pancreas, Deutsch Arch f khn Med , 62 411, 1899 Blumer Bronze Diabetes 
and Hemochromatosis, New York M J , 94. 922, 1911 Muir The Iron 
Content of the Organs in Bronzed Diabetes (Hemochromatosis), J Path & 
Bact , 19 226, 1915 Ungebener Em Fall v Bronzediabetes und besonderer 
Berucksiclitigung des Pigments, Virchow’s Atch f path Anat , 216 86, 1914 
Cecil A Study of the Pathological Anatomy of the Pancreas m Nmet\ Cases 
of Diabetes Melhtus J Exper Med , 2 266, 1909 McClure Metabolism in 
a Case of Hemochromatosis Arch Int Med , 22 610 (Nov ) 1918 

10 Rossle Phagocytosis in Hemochromatosis, Beitr z Path Anat u 
Allg Path , 41 181, 1907 
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phagocytosis of the red cells by parenchymatous cells He explained 
the disease on the basis of injury to capillary walls with numerous 
minute scattered hemorrhages 

There is still another possibility, however It is the consensus of 
opinion that dead red blood cells are disposed of m a definite way, 
that is to say, they are destroyed by the spleen and their useful elements, 
particularly the iron, is stored or resynthetized by the liver In this 
connection it is significant that the great mass of the iron accumulation 
m hemochromatosis occurs in the liver From this point of view it 
has been easy for many authors to assign the burden of the respon- 
sibility to disturbances of the hepatic function The presence of 
pigment elsewhere they assume to be the result of transportation of 
pigment from the liver, although the method of transportation has not 
"been demonstrated This does not explain the relatively great quantity 
of iron in the pancreas and the spleen 

For our own part, we are inclined to agree with Roth, Abbott and 
others, that there is some toxic agent at work which simultaneously 
produces injury to the erythrocytes and to the cells of the parenchy- 
matous organs There is then more circulating iron than in normal 
conditions, making for its greater accumulation in injured cells 

The Relation of Cut hosts — The sequence of events in the liver 
merits careful consideration, since it is the scene of most extraordinary 
changes, notably in the foim of massive and diffuse accumulations of 
iron pigment and accompanying connective tissue overgrowth There 
are three possible explanations of the changes occurring in the liver 

1 That pigment is deposited and that there is a reaction to a foreign 
body m the form of connective tissue proliferation 

2 That the cirrhosis has so injured the cells that they become a 
ready depository for excess mobile iron 

3 In common with other cells of the body the liver cells have 
sustained toxic injury In reacting to this, connective tissue is laid 
down precisely in the same manner as we are accustomed to conceive 
m cirrhosis of the ordinary type Synchronously with this, is the 
deposition of iron representing the unperformed work of the injured 
cells of the liver in the metabolism of iron 

A certain proportion of all uncomplicated cases of cirrhosis of the 
liver, if examined for iron-containing pigment, give Perl’s reaction 
"We found four cases among the necropsy protocols of the 5,000 Belle- 
vue Hospital records that were marked enough to suggest hemochroma- 
tosis, although the remaining organs were not pigmented Abbott cites 
Kretz’s twenty-six cases of cirrhosis of the liver with iron pigment 
present in fourteen of them In our cases we have found fibrous 
.changes associated with massive extracellular collections of pigment 
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The relationship of hemochromatosis to diabetes melhtus constitutes 
a problem of interest and importance, particularly with reference to 
the changes m the pancreas Thus, m the great majority of all cases 
of bronze diabetes which have appeared m the literature of medicine, 
pigmentary or other alterations in the islands of Langerhans were 
described as totally lacking In diabetes melhtus, as ordinarily encoun- 
tered, lesions in the pancreas occur in about 88 per cent of cases, 
and consist of sclerotic or hyalin alterations in the islands of Langer- 
hans, withdrawal of the secretion of these isolated groups of cells so 
interfering with carbohydrate metabolism as to permit the continuous 
excretion of glucose m the urine In occasional cases, however, the 
only demonstrable change in the pancreas in diabetes melhtus consists 
of extensive connectne tissue replacement, the islands remaining unaf- 
fected In these circumstances the question arises as to whether the 
pancreas has anything at all to do with the production of the diabetic 
changes, or whether the diabetes is to be regarded as of extrapancreatic 
origin, the sclerotic changes in the pancreas constituting merely an inci- 
dental anatomic feature This interpretation is of interest in connec- 
tion with the experimental work, of Scobolew, who demonstrated that 
ligation of the pancreatic duct was followed by atrophy and connective 
tissue replacement of the parenchyma, the islands of Langerhans 
remaining intact If, however, the fibrous mass with its embedded 
islands is now removed, the animal promptly develops diabetes 

In hemochromatosis with diabetes, histologic changes in the islands 
of Langerhans, such as sclerosis or hyalin transformation, are prac- 
tically unknown, and to implicate the pancreas as the cause of the 
diabetes necessitates assuming changes in the islands which are not 
demonstrable by ordinary histologic methods, since it is obvious that 
the mere presence of pigment in the mterstitium, with or without con- 
nective tissue overgrowth, is insufficient to account for the metabolic 
disturbances in question That insular changes of the sort indicated 
do exist has been shov n by Symmers, 11 who, m the islands of Langer- 
hans of alcoholic subjects, demonstrated the presence of extensive fatty 
changes, using, however, special stains to bring them out, such as 
Sudan III In ordinary hematoxylin and eosm preparations the islands 
appear to be normal Symmers, correlating these histologic changes 
in the islands of Langerhans in alcoholic subjects with the known fact 
that alcohol habitues are intolerant of sugar and excrete it in the urine 
when fed it m slightly excessive quantities, accounts for the intolerance 
on the basis of definite anatomic changes in the islands of Langerhans 

11 Symmers The Occurrence of Fat in the Islands of Langerhans, Arch 
Int Med , 3 270 (Feb ) 1909 
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All things being considered, however, we believe it highly probable 
that the diabetic changes which are associated with hemochromatosis 
are dependent on changes outside the pancreas 

Summary of Cases Reported in the Literature — At the tune of this 
writing, eighty-one cases of hemochromatosis have been reported Of 
these the records of seventy-five were available for study 

Liver Information regarding this organ was found m fifty-three 
cases The liver was generally enlarged Clinically, it was described as 
' slightly enlarged m 60 per cent , moderately in 10 per cent , and mark- 
edly in 4 per cent No enlargement was made out in 20 per cent of 
the cases examined At necropsy, however, 95 per cent were recoided 
as enlarged Twenty-six cases with exact weights showed an average 
of 2,400 gm Cirrhosis occurred in 96 per cent and iron pigment in 
all cases The color of the liver varied from brownish red to chocolate 
Ascites occurred in eighteen cases In the majority of cases the mass 
of iron pigment was found extracellular in the connective tissue This 
was usually an amorphous collection It also occurred in great quan- 
tities in the liver cells, which then tended to show signs of degeneration 
m their poor staining qualities and rather irregular and pycnotic nuclei 
Intracellular pigment was always present in fine brown granules This 
pigment could often be demonstrated beautifully m Kupfer cells, endo- 
thelial cells of capillaries, bile duct cells, and connective tissue cells 
Occasionally a finer and lighter brown pigment which failed to respond 
to Perl’s test could be demonstrated in the vessel walls and the capsule 
This corresponds to the so-called hemofuchsm 

Pancreas —Data concerning the pancreas were, obtainable m sixty- 
five cases Varying from golden brown to bronze in color, iron holding 
pigment was present in all cases Of fifty-two cases with a record 
of the amount of connective tissue, forty-eight showed marked fibrosis 
The islands of Langerhans were rarely affected Eighty-five per cent 
of the fifty-eight cases with records showed a moderate glycosuria 
(average of 5 per cent ) 

Spleen Clinical data concerning the size of the spleen were 
obtainable in forty-eight cases In fifteen cases the spleen was referred 
to as slightly, twice as moderately, and twice as considerably, enlarged 
In the remaining twenty-nme cases it was not felt 

At the time of the postmortem examination, from fifteen cases with 
available weights we find an average of 400 gm Pigment on gross 
examination was only noted occasionally, but on microscopic study a 
small amount of pigment was usually to be seen The spleen was 
usually firm, a few times it was soft 

Lymph Nodes The most marked changes were seen in the 
abdominal nodes The fact that such nodes are m the line of lymph 
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drainage from the lrver and pancreas has been used as an argument 
m favor of the idea that there is an active transportation of pigment 
Thirty-five of forty-four cases describe massive collections of iron pig- 
ment, m some cases this was very extensive, replacing the structure 
of the oigan There was usually marked evidence of fibrosis Grossly, 
the glands were enlarged, shading from a brown to a chocolate color, 
and usually firm There are instances, however, m which the glands 
were extremely soft, in some cases actually diffluent 

Skm The microscopic studies of the skin are disappointing because 
there is a wide disparity between the striking clinical appearance and 
the postmortem findings Iron pigment in the skin was usually scant 
and found only in the sweat glands It occurred in about one-half 
of the cases 

Heart In only twenty-two cases among the seventy-five available 
for study was the heart described One-half of these showed hemo- 
siderin within the muscle This was situated mtracellularly at the 
nuclear poles In one case only did the connective tissue contain iron 
pigment Fibrosis of the organ was reported once, and was not of 
marked degree 

Kidney Of twenty-three cases described m the literature, sixteen 
showed iron pigment, always in small quantities, within the epithelial 
cells of the tubules Only once (Strater’s case 12 ), was pigment 
described in the glomerular tuft Five cases showed another light 
brown pigment which we believe was iron pigment not properly demon- 
strated by Perl’s stain 

Gastro-mtestinal Tract Histologic data were available in nineteen 
cases Six cases showed iron pigment in the small intestines situated 
mtracellularly in the depths of the glands Twelve cases showed an 
iron free pigment in the muscularis mucosa The duodenum and the 
first part of the jejunum seemed to be the most favorable site for pig- 
ment deposit The stomach seemed to be a less favorable site than the 
intestine 

Suprarenals The condition of the suprarenals was mentioned in 
thirteen cases Ten showed the presence of iron pigment consistently 
found m the cortex 

Lungs The lung seems to be one of the organs which is relatively 
free of iron deposit Eleven cases gave histologic data In only 
two was iron pigment observed and then in very small amounts 

Thyroid Nine cases of the eleven describing this gland showed 
the presence of moderate amounts of iron pigment Here, as is usually 

12 Strater Beitrage z Lehre v der Hemochromatose und lhren Bezie- 
hungen z allegemeinen Hemosiderose, Virchow’s Arch f path Anat, 218 1, 
1914 
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the case m organs rich m parenchyma, the deposit was in fine granules, 
situated intracellularly, within the epithelial cells lining the acini The 
connective tissue was always reported free of iron pigment 

Prostate The epithelium of the gland cells contained iron pigment 
m eight of nine cases reported The connective tissue contained iron 
pigment in two cases, while in two others, an iron free pigment was 
described Sprunt 4 reports a case m which the seminal vesicles and 
vas deferens were rich m iron pigments 

Testes In eight cases only the testicles were studied for pigment 
In two an iron containing pigment was found in the endothelium lining 
the small blood vessels and capillaries In six cases an extracellular 
iron free pigment was seen m the seminal canals 

Parathyroids In only two cases have we found the parathyroid 
described Both of these contained iron pigment, moderately once, m 
the Other case m huge amounts The pigment was intracellular in both 
Bone Marrow The bone marrow was examined m eight cases It 
was usually hyperplastic, and in seven cases iron pigment was present 
both intracellularly and extracellularly One case showed no pigment 
Brain Cerebral hemorrhage was present m two of the seventy- 
five cases reviewed Histologic examination m these cases revealed 
no iron pigment 

Hypophysis Two cases have been studied as to the presence of 
pigment in the hypophysis In both it was observed in the paren- 
chymatous cells and m one in the connective tissue 

REPORT OF CASES 

Case 1 — Male, aged 50 years, expressman In the hospital three days 
Duration of the disease twenty-one days 

Past Hist oi y — Never sick in his life Denies venereal disease Drinks from 
four to five beers a day and whiskey in small quantity 

Picsent Illness — Three weeks ago injured right side in a fall from a wagon 
Was unconscious at the time From that time on was in the hospital com- 
plaining of pain in the right side and shoulder He passed no blood in the 
urine or stools His bowels were regular and his appetite fair 

Physical Examination — His skin was dark brown in color and was thought 
to have a case of “vagabonds’ disease ” His heart was negative There were 
signs of hypostatic congestion at the pulmonary bases which increased until 
the time of his death The abdomen was enlarged with gas The liver and 
spleen were not felt He died after three days in the hospital 

Urine — Sp gr, 1020, cloudy, acid, no albumin Casts, red blood cells, 
leukocytes and sugar present 

Chemical Blood Examination — Carbon dioxid tension normal Sugar, 471 
mg/100 Temperature From 100 to 106 F , pulse from 80 to 40, respiration, 
from 24 to 52 

Clinical Diagnosis — Diabetes Hemochromatosis Perinephntic abscess 
Neciopsy Report — The body is that of an emaciated male The conjunc- 
ture are icteric Skin of face, neck, forearms and hands bronzed Fifty cc 
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of pericardial fluid The right lower lobe is the scene of a bronchopneumonia 
There are basal adhesions The lner ■weighs 2,715 gm It is brownish red 
in color and coarsely nodular Lobules are indistinct The pancreas is long 
and thin and brownish red in color Spleen w eighs 920 gm , is dark red m 
color and grumous The suprarenals show an enlarged brownish red medulla 
The right kidney is larger than the left The testes are normal The intestines 
are normal, except for the duodenum and jejunum Here the mucous mem- 
brane is colored brown There is fluid in the abdomen Anatomic Diagnosis 
Cirrhosis of liver and diabete bronze, chronic splenomegaly , hemochromatosis, 
chronic hyperplastic gastritis , suppurative nephritis and perinephritis (right), 
and suppuratve prostatitis and periprostatitis , moderate pial edema , terminal 
sepsis 

Microscopic Examination — Lner There is a moderate degree of cirrhosis 
Coarse strands of connectne tissue interrupt somew'hat the normal architecture 
of the organ, but there is not the advanced overgrowth noted in some cases 
The formed connective tissue is fairly cellular and contains many capillaries 
and budding and regenerating bile ducts The liver cells are fairly W'ell pre- 
served Their nuclei are only slightly smaller than normal and a bit irregular 

Pigment is present in all of the liver cells, but the majority of it is found 
in massne collections m the connectne tissue septums In the liver cells, 
the pigment is more or less diffuse, occurnng in the form of discrete brown 
granules, which are not numerous How r e\er, Kupfer cells scattered among 
them are fairly bursting with quantities of the pigmented granules Some of 
the connective tissue pigment can be made out as lying in the cells, some is 
apparently in the lymph channels, very little, if am, appears in the new 
formed bile ducts The greater part of the pigment, as w r as said, is aggregated 
together into the extracellular amorphous collections Practically all of the 
pigment gives the reaction for iron 

Heart With Perl’s method quantities of greenish blue pigment is brought 
out in the heart muscle cells Much of it is an exaggeration of the bipolar 
arrangement There is also some amorphous pigment outside of the cells In 
the connectne tissue and fat there is a small amount of hemofuchsin The 
inner coats of the coronaries show the same pigment There is a slight fibrosis 
of the myocardium 

Pancreas There is a fair amount of perilobular fibrosis here The pigment 
is chiefly r aggregated in this position and is mostly extracellular There is 
also pigment m the cells of the acini and in the cells lining the ducts The 
islands of Langerhans are very few" in number and small With Perl’s test 
most of the pigment stains dark green That in the gland cells tends to 
retain its yellow brown color 

Kidney Cloudy swelling, multiple small abscesses In a very few" of the 
cells of the convoluted tubules scattered blue reacting granules can be seen 

Spleen A small amount of pigment diffusely scattered can be observed 
It reacts positively for iron, and lies in the mononuclear cells for the most part 
The connective tissue fibers of the capsule are encrusted with iron salts 

Suprarenals The glomerular zone shows a massive intracellular collection 
of iron reacting pigment There is only the slightest amount of pigment in 
the reticular zone The pigmentation is entirely confined to the cells 

Skin There is a small amount of yellow pigment in the cells of the papillary- 
layer and also in the connective tissue of the yvalls of the veins No reaction 
for iron is obtainable 

Intestines A beautiful contrast is seen in tins section between the blue 
iron containing pigment in the basal cells of the ducts and the fine yellow 
granules in the muscularis mucosa, w"hich do not give the iron reaction 

Prostate Normal 

Testes Show no pigment and are apparently normal 

Case 2 — Male, aged 49 years, clerk, m the hospital seven days Duration 
of the disease six months 
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Past History — Diseases of childhood No illness for ten years Has dizzy 
spells Venereal disease denied Drinks a little beer but no whiskey 

Present Illness — For six months he has had thirst and polyuris During 
this time his private physician has found sugar m his urine He dieted and 
lost thirty-five pounds A roentgen-ray examination of the liver six months 
ago was said to show carcinoma of that organ For two months his abdomen 
has been getting larger 

Physical Examination — The face is a dusky hue Collateral circulation 
established over the body Heart is negative Lungs show congestion at the 
bases The abdomen is large and contains fluid The liver can be felt 21 cm 
below the costal margin It has a roughened border There are no enlarged 
lymph nodes He grew gradually worse, complaining very little and died seven 
days later 

Urine - Sp gr, 1035, cloudy, acid, no albumin present, no casts Leuko- 
cytes and sugar present 
Wasserman Negative 

Chemical Blood Examination — Carbon dioxid, 86 Sugar, 300 mg per 100 cc 
Clinical Diagnosis — Diabetes, carcinoma of the liver 

Temperature From 97 to 98 F , pulse, from 78 to 120, respiration, from 
20 to 26 Blood pressure, 130/85 

Neciopsy Report — The body is that of an emaciated male adult The face 
and neck are bluish Heart muscle is brownish m color, flabby and the wall 
is thin The lungs show small tumor nodules on the pleural surface The 
liver is very large, weighing 5,085 gm It is brownish red m color and finelj 
granular On section it shows multiple tumor nodules throughout The bile 
is tarry green in color The pancreas is larger than normal and there are 
tumor nodules throughout it It is reddish brown in color, and the connective 
tissue appears to be increased The spleen is normal in size and brownish in 
color The connective tissue is apparently not increased The follicles cannot 
be seen The lymph nodes at the hilum of the liver as well as those lying 
retropentoneally present a peculiar appearance They are reddish brown in 
color and almost diffluent The kidneys are normal, except for a slight brownish 
color The suprarenals show a dark brown cortex The esophagus, stomach 
and large intestine are normal From the pylorus to the lhocecal valve the 
mucous membrane of the intestine is greenish black m color The thymus 
is small and bluish red m color The brain is normal 

Anatomic Diagnosis Brown atrophy of heart, multiple pleural metastases 
in lung , primary carcinoma of the liver , hemochromatosis of spleen, supra- 
renals, kidney, pancreas, retroperitoneal nodes, duodenum, jejunum, ileum, 
liver , secondary carcinoma of peritoneum with ascites , few metastases in 
pancreas , multiple pigmented atrophic tibial scars 

Mici oscopic Examination — Liver The liver is the site of a primary carci- 
noma There is in addition a marked cirrhosis Iron staining pigment is seen 
in considerable amounts m most of the remaining parenchymatous cells, also 
in many of the cells of the new growth There is a moderate amount of iron 
staining pigment in the connective tissue both intracellular and extracellular 
and a small amount of fine yellow pigment in the connective tissue which 
does not give the iron reaction The duct cells and endothelium of the blood 
vessels and sinuses contain practically no pigment 

Pancreas There is a considerable increase in the amount of interlobular 
connective tissue The islands of Langerhans are normal in number and size 
but some of the cells contain iron pigment The blue staining iron pigment 
is seen chiefly in the cells of the acini and the duct cells in fine granules 

In the connective tissue both mtracellularly and extracellularly there are 
amorphous deposits of various sizes appearing as a green pigment with the 
hematoxylin and eosin stain, and of a faint yellowish-brown tinge with the 
iron stain 
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Lymph gland Huge masses of green pigment taking the iron stam almost 
entirely replace the pulp Few lymphocytes remain The connective tissue 
septums show only a slight yellowish shimmer with the hematoxylin and eosin 
stain With the iron stain all of the connective tissue septums are colored a 
beautiful Prussian blue, suggesting a diffuse incrustation of iron The vessel 
walls are literally pipes of iron 

Skin The hematoxylin atid eosin section demonstrates a moderate amount 
of fine, light brown granular pigment in the cells of the sweat glands With 
the iron stain there are a few fine blue intracellular granules and a moderate 
connective tissue incrustation There is no pigment in the epidermis or other 
structures 

Testes In a few localized areas there is a blue staining iron pigment in 
fine granules This is extracellular and is situated chiefly in the tunica vaginalis 
and the connective tissue between the seminiferous tubules Between the semi- 
niferous tubules there are many large mononuclear leukocytes which contain 
a considerable quantity of light yellow pigment, sometimes in granules, some- 
times diffusely distributed This does not take the iron stam Elsewhere the 
section is normal 

Epiglottis The section is normal, except for quantities of fine granular 
pigment lying in the cells There is also a small amount of granular blue 
pigment in some of the cartilage cells 

Large Intestine A slight scattering of blue granular pigment on the surface 
of the glands of the mucous membrane is undoubtedly an artefact There is a 
slight yellow pigmentation in a few of the muscle cells Otherwise the sections 
are normal 

Prostate The cells of the acini contain a moderate amount of granular 
iron pigment In marked contrast to -this are yellow granules of pigment seen 
within the spindle cells of the interstitial tissue which do not stam with Perl’s 
method 

Thyroid The acini contain a small amount of colloid and are about normal 
in size and number The epithelial cells are loaded with huge amounts of 
blue staining pigment In some places iron pigment is seen extracellularly 
in the connective tissue There is no other kind of pigment present 

Lungs The lungs contain many erythrocytes and phagocyting epithelial 
cells laden with broken down erythrocytes However, with the iron stain 
there is no evidence of the presence of hemosiderin The disintegrated erythro- 
cytes appear as a granular dark brown amorphous material 

Choroid Plexus Most of the cells contain a large amount of finely granular 
blue staining iron pigment This is quite uniform 

Suprarenals The suprarenals contain no iron pigment The glomerular 
zone contains a moderate amount of intracellular, coarse brown amorphous 
pigment which does not take the iron stam 

Kidney The kidney section shows the epithelium of the tubules and the 
glomeruli very much swollen There is no pigment present with any of the 
methods of staining used 

Optic Nerve and Retina There is brown pigment m the basal cells of 
the retina, probably melanin With the iron stain there is no blue pigment 
except for a slight incrustation of the connective tissue 

Case 3 — Male, aged 56 years, m the hospital one month, doesn’t know 
how long he has been ill 

Past History — Venereal disease denied Drinks only a little beer Pneu- 
monia three years ago 

Present Illness — Patient is stupid and complains of pain m the knees and 
difficulty in walking He sleeps well, has no headache, and his appetite is good 

Physical Examination — His skm is a dusky bronze color Heart and lungs 
are negative The abdomen is normal and neither the liver nor the spleen 
can be felt The left knee joint is tender While in the hospital his nose 
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bled for twenty-four hours continuously He reports that six months and 
one month ago, respectively, the same thing happened While in the hospital, 
the pigmentation gradually increased and involved the mucous membrane of 
the mouth He became dyspneic and drowsy before death 

Urine Sp gr, 1015, clear, acid, no albumin or casts, sugar negative 
Was given 30 gm of glucose without producing glycosuria 

Blood Erythrocytes, 3,800,000, Hb, 70 per cent , leukocytes, 10,200, poly- 
morphonuclears, 68 per cent , slight anisocytosis and poikilocytosis 
Blood Sugar From 214 to 421 mg per 100 cc 

Temperature From 97 to 99 F , pulse, from 60 to 90, respiration, from 
18 to 24 Blood Pressure 165/80 

Clinical Diagnosis — Addison’s disease 

Neciopsy Repoit — The body is that of an adult male of large frame The 
sclerae are icteric The gums are bluish in color The skin is somewhat dark 
in color and there are a few brown spots on the abdomen The heart is 
brownish yellow in color and shows on section a moderate amount of scarring. 
The pericardium contains a moderate amount of hemorrhagic fluid The lungs 
are normal The liver weighs 2,100 gm It is brownish red m color The 
surface is smooth with slight lobulations The pancreas is large and brick 
red in color The lobulations are normal in configuration The spleen weighs 
255 gm It is brick red in color and grumous The bronchial and abdominal 
lymph nodes are enlarged, brownish in color, and very soft The kidneys are 
asymmetrical They are otherwise normal The suprarenals are normal The 
testes are normal The glans penis is greenish yellow in color The esophagus 
and small intestine are normal The stomach and colon are dark green on 
the inner surface The cartilages of the ribs are green on section The bone 
marrow is red and active looking The synovial membranes of the knee 
joints are yellowish brown in color 

Anatomical Diagnosis Hemochromatosis, emphysema and acute and chronic 
bronchitis , acute pulmonary congestion and edema , hemopericardium , slight 
chronic interstitial myocarditis , slight chronic aortitis , chronic perisplenitis, 
splenic tumor with pigmentation, small right kidney (arterio sclerotic), large 
left kidney , moderate acute parenchymatous hepatitis , large pigmented pan- 
creas, pseudomelanosis of large intestine, carious teeth, pyorrhea and gingi- 
vitis , pigmented synovial membrane m knee with arthritis 

Mici oscoptc Examination — Liver Bands of connective tissue interlace to 
form coarse lobulations The scarring, however, is not extremely marked. 
The liver cells, on the other hand, stam poorly They are small and show 
somewhat pyknotic nuclei They uniformly contain quantities of dark brown 
granules In this case, as in the previous one, the greatest deposits are m the 
connective tissue Here it appears as masses of various size lying outside 
of the cells The connective tissue cells contain very little The duct cells 
are noticeably free The distribution of the pigment is such that the greatest 
quantity lies at the periphery of the lobules Studied for iron the reaction 
is a dark bluish green color, which is undoubtedly positive In the walls of 
the vessels a few fine yellow granules which do not react for iron can be seen 
Pancreas There is a moderate interlobular and interacinar fibrosis The 
acini as well as the islands of Langerhans appear normal Almost all of the 
pigment is mteracmar, the connective tissue being relatively free The pigment 
everywhere appears as pure blue granules, with the iron stain The cells of 
the acini, islands and duct cells, contain the largest amount of pigment 

Lymph Nodes The lymph nodes are almost entirely replaced by brown 
pigmented cells Thick trabeculae of connective tissue can be seen everywhere 
The germinal centers m the small nodes contain the pigment, while at the 
periphery of the lobule, the normal lymphoid arrangement is present In the 
nodes with little pigment, the endothelial cells of the sinuses seem to be 
imolved chiefly, but m the large nodes with extensive change, all the cells- 
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become pigmented The connective tissue stains a pale lavender with the 
hematoxylin and eosm stain and with the iron stain all the pigment presents 
a blue color 

Heart The muscle is markedly thickened 

Spleen The splenic architecture is maintained with little increase of con- 
nective tissue Arranged fairly regularly about the trabeculae are numerous 
large mononuclear cells full of brown granular pigment These large cells 
are seen also within the pulp, some clumped and some m strands With the 
iron stain blue granular pigment is seen in all of the cells of the pulp and 
in the large mononuclear cells just described The fibrous elements show a 
moderate incrustation 

Stomach The structure is normal, save for a small amount of finely 
granular blue pigment, situated mtracellularly in the epithelium at the base 
of the glands It is fairly well distributed in this location throughout the 
section 

Lungs The section shows a marked congestion and a slight scarring of 
the tissue The interalveolar tissue contains large mononuclear and poly- 
morphonuclear cells which contain anthracotic pigment There are also 
numerous large mononuclear cells which * contain fine blue granules when 
stained by Perl’s method 

Kidneys A marked glomerulotubular nephritis is present No pigment 
can be seen 

Suprarenals There is present a fine granular pigment situated intra- 
cellularly in the glomerular zone of the cortex " This takes the iron stain 
There is no evidence of fibrosis and no pigment is present elsewhere 

Prostate All the structure of the prostate appears normal In the blood 
\essel walls there is a finely granular iron staining pigment situated mtra- 
cellularly in the connective tissue No pigment is seen elsewhere 

Bone Marrow The bone marrow is hyperplastic Many of the large 
myelocytes are seen to contain a moderate amount of iron pigment in fine 
granules There is none seen elsewhere 

Testes Structure is normal No pigment is present 

Aorta No pigment is present 

C a.se 4 — Male, aged 56 years, in the hospital two months The whole dura- 
tion of the present illness is eighty days 

Past History — Typhoid fever, fifteen years ago Neisser infection, several 
times Denies syphilis Drinks seven or eight beers a day and whiskey 
occasionally ' 

Picsent Illness — Has had no appetite for two weeks Legs have been 
weak and he has had pam in the back 

Physical Examination — The skin is icteric There is cyanosis of the face, 
edema of the conjunctivae, legs and back The heart shows mitral insufficiency 
and dilatation Fluid in both chests The abdomen is enlarged and contains 
fluid The liver and spleen are not felt The right knee, spine and pelvis are 
tender, and have been so for two weeks Both chest and abdomen were tapped 
successfully 

Urine Sp gr , 1 025, clear, acid, albumin, sugar and bile negative Eryth- 
rocytes present 

Blood Erythrocytes, 3,000,000, Hb , 75 per cent , leukocytes, 9,000 Spec- 
troscopic examination of the blood normal 

Temperature, from 98 to 101 F , pulse, 72, blood pressure, 105 

Clinical Diagnosis — None 

Neaopsy Repoit — Emaciated male adult Skin and conjunctivae icteric 
Face and neck brownish Heart muscle is brown and pale There is a lobular 
pneumonia at the right base There arQ also basal adhesions The liver is 
small It is greenish brown m color It is finely and coarsely granular The 
pancreas is large and flabby It is coffee colored The penpancreatic and 
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retroperitoneal nodes are anthracotic and cheesy Kidneys, adrenals, testes 
normal Thyroid shows no alteration Bile stained clear fluid in the abdomen 
Elevated yellow foci over the entire peritoneum 

Anatomic Diagnosis Atrophic cirrhosis of the liver, ascites, icterus, chronic 
granular peritonitis, chronic hyperplastic perisplenitis, brownish pigmentation 
of pancreas and retroperitoneal lymph nodes, chronic adhesive pleurisy, emphy- 
sema and chronic bronchitis , tuberculous lymphadenitis of peripancreatic and 
retroperitoneal lymph nodes, lobular pneumonia, multiple erosions of gastric 
mucosa, scoliosis, osteoporosis general and fragilitas ossium, esophageal varices 
with melena 

Microscopic Examination — Liver There is a moderate grade of cirrhosis 
The capillaries throughout the liver are tremendously dilated The liver cells 
are swollen and stain badly and there is a rather widespread round cell infil- 
tration which is particularly marked under the capsule With hot hydro- 
chloric acid and potassium ferrocyamd most of the pigment gives the iron 
reaction This case is remarkable on account of the fact that practically all 
of the pigment occurs intracellularly It is found in both liver and connective 
tissue cells Striking also is the amount of pigment that is to be found in 
the endothelial cells of the capillaries and also in the lining cells of the bile 
ducts The findings in the liver in this case suggest a rather more acute 
termination than occurred in the others 

Thyroid The acini are filled with colloid The gland cells are crowded 
with iron holding pigment There is no evidence of injury to the parenchy- 
matous cells The connective tissue is normal in amount and is the scene of 
no pigment deposit 

Lymph Nodes The mesenteric nodes show the presence of a chronic tuber- 
culosis There are quantities of brown pigment, chiefly extracellular Some 
pigment, however, is to be seen in the large mononuclear cells Studied by 
Perl’s method, most of the pigment gives the dark green color, and lies m 
coarse amorphous clumps That which is still granular and within the cells 
stains blue 

Spleen There is a marked thickening of the capsular connective tissue 
Most of the pigment is found m this location by preference assuming a position 
near the side of the gland pulp It also is to be found in the trabeculae 
There is relatively a small quantity in the pulp cells All of this pigment is 
hemosiderin 

Intestines Nothing of note is to be observed, except the very small amount 
of pigment that occurs in the basal cells of the glands and in the musculans 
mucosa None of this reacts positively for iron 

Testes In the connective tissue and m the endothelial cells there is pig- 
ment In the supporting cells between the seminiferous tubules there is a 
small amount of fine yellow pigment No iron reaction is obtainable 

Kidney There is a mild chronic nephritis The cells of the convoluted 
tubules are the site of an inconspicuous pigment collection Perl’s test fails 
to show the presence of iron 



ONE THOUSAND ONE HUNDRED FORTY-SIX GOI- 
TERS IN ONE THOUSAND SEVEN HUN- 
DRED EIGHTY-THREE PERSONS 

SIMON LEVIN, MD 

LAKE LINDEN, MICH 
INTRODUCTION 

Obscurity and darkness in the field of medicine excite the pro- 
fession to research This applies directly to the goiter question, where 
much has yet to be learned in order to unearth a causative factor which 
may act directly or indirectly, but, where possible, a careful study of a 
large series of persons will add, at least, a stepping stone to the 
necessary knowledge In this country, before the last draft of men for 
our army, no thorough tabulation of thyroid enlargements in relation 
to large numbers examined, and to so many sections of the United 
States, could have been accomplished with any degree of accuracy 
Previously, these data were collected from irrelevant groups, except 
in a few instances (O P Kimball and D Marine 1 ), but we must 
centralize our information about a thorough classification of many 
individuals in definite districts, and eventually, compare cause or 
causes from different areas Bircher 2 and others in central and 
southern European countries have given us their results from such 
collections 3 

Therefore, the opportunity appealed to me in the comparative tabu- 
lation in the draft which I reported in March, 1919 4 Since that 
time, on account of the great many statements made and which are 
not based on any records as to the relative proportion of goiters at 
the various ages, in the sexes, m periods of life, etc , I examined 1,783 
unselected persons, in 1918 and 1919 living in our community, which 
lies distinctly in the Great Lakes goiter belt, in their relations to 
enlargements of the thyroid 

I have chosen the district in Torch Lake and Schoolcraft Town- 
ships of Houghton County, Michigan Here there happen to be three 
distinct water supplies , first, spring water from the Gregory Springs , 

1 Kimball, O P , and Marine, D Prevention of Simple Goiter, Arch Int 
Med 22 41 (July) 1918 

2 Bircher Etiology of Goiter, Practical Med Ser, Surgery 2 275, 1918 

3 Goyanes Endemic Goiter and Cretinism in Spam, Endocrinology 4 491 
(July-Sept ) 1920 

4 Levin, Simon Discussion of Goiter in Five Hundred and Eighty-Three 

Registrants, J Mich M S 18 98 (March) 1919 ' 
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TABLE 1 — The Record of Examination of 1,783 Persons for Goiter in 
Torch Lake and Schoolcraft Townships, Houghton 
County, Mich , in 1918-1919 


'Vge 

Males 

Females 

Single 

Mamed 

Born 

Here 

Bom 

Elsewhere 

Total 

Goiters 

1 

19 

33 

52 


50 

2 

8 

2 

23 

22 

45 


44 

1 

12 

3 

19 

25 

44 


40 

4 

17 

4 

16 

12 

28 


23 

5 

13 

5 

26 

16 

42 


36 

6 

19 

6 

15 

17 

32 


30 

2 

23 

7 

14 

15 

29 


26 

3 

18 

8 

21 

38 

59 


52 

7 

42 

9 

18 

24 

42 


33 

9 

33 

10 

20 




45 

5 

44 

11 

18 

18 

36 


29 

7 

29 

12 

20 

37 

57 


52 

5 

51 

13 
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41 


33 

8 

37 

14 



51 


46 

5 

43 

15 
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30 

5 

26 

16 



48 


43 
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41 

17 
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41 

5 

39 
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43 

3 

42 

4 

43 
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28 

37 

2 

36 
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20 

16 

19 

29 

6 

29 

6 

28 

21 

16 

12 

24 

4 

25 

3 

24 

22 
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5 
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19 

23 

10 

25 
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28 

7 

28 
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7 

27 
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second, Lake Superior water, and third, well water, which is spring 
water The people are Americans, the larger percentage of French 
Canadian extraction, above the average in intelligence and in living 
conditions The unhygienic conditions usually found in the poorer 
districts are absent Each home has plenty of sunlight and ventilation 
and a lot or two for gardening I am personally and professionally 
acquainted with nearly every person examined Therefore, my 
knowledge of them would be of greater value than a simple school 
examination of many strange groups, whether adults or children I 
have compiled the results as shown in the charts, making them as 
complete and self explanatory as possible The charts demonstrate 
very clearly the numbers and percentages in the various ages and 
sexes from new-born to 61 years plus, in then social and lesidential 
relationship, and various types of goiter found in these individuals 
There were 790 males and 993 females , 242 full family records , 714 
married and 1,029 single, 1,243 were born here and 538 weie born 
elsewhere Three hundred and forty-one of the latter lived here fifteen 
years or more 

The definitions used m these examinations were those usually 
m use 

Gi oup 1 — Simple goiter is one giving no symptoms, except an 
homogeneous enlargement of both lobes and isthmus that may be small, 
moderate or large Six hundred and eighty-two goiters were found to 
be m this group 

Gioup 2 — Adenoma, whether fetal or adult, is an enlarged thyroid 
with a circumscribed mass, or masses, occupying any portion or portions 
of the gland, being single or multiple These tumors were classified 
as small, moderate and large The cystomas could not always be 
differentiated macroscopically from adenomas, as our living surgical 
pathologic specimens demonstrate Therefore, I classified that group 
as adenomas and cystomas Four hundred and twenty goiters belong 
to this group 

Group 2 — Colloid goiter is an enlarged thyroid gland, firm, symp- 
tomless, except from pressure, all the gland involved The gland feels 
firmer, doughier and of a different consistency than simple, having no 
circumscribed masses Forty-four goiters belonged to this group 

Exophthalmic goiter was also noted, but the proportion was com- 
paratively small It is rather surprising that among so many goiterous 
individuals we see so few cases of true exophthalmic goiter, whereas, 
it is very common to see hyperthyroidism, especially during puberty 
and the menopause I find that adenomas becoming active make up 
the larger proportion of the latter class In my operative work, the 
partial thyroidectomies for hyperplastic adenoma for hyperthyroidism 
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also comprised a large proportion, which only signified that the danger 
from this phase predominates m the goiter situation m our section, 
pressure and cosmetic phases comprising a lesser proportion 

The record of infection in each individual was not complete, 
although many observations would justify my saying something fur- 
ther in this regard Cretins aie very rare m our community, and 
cases of hypothyroidism are not common The two cretins here are 
members of goitrous families m which the maternal parent had a 
goiter The families with definite morons are not common, but dui- 
ing the draft examination I found a few families with several morons 
in each family whose maternal parent or both parents had developed 
enlargements of the thyroid I must grant that the numbers and per- 
centages of goiters startle one on examination of the charts, but my 
observations can be verified by any capable observer who attends 
an evening or afternoon entertainment m summer 


TABLE 2 — Total Number of Persons and Different Types of Goiters 





Group 1 

Group 2 

Group 3 


Total 

Total 

Simple 

Adenomas and 

Colloid 


Persons 

Goiters 

Goiters 

Cystomas 

Goiters 

Males 

790 

355 

230 

119 

6 

Females 

993 

791 

452 

301 

38 

Totals 

1,783 

1,146 

682 

420 

44 


TABLE 3 — Percentage or Different Types of Goiters to the Total Number 
of Persons and Sexes Examined 


Total Total Goiters, Group 1, Group 2, Group 3 

Persons per Cent per Cent per Cent per Cent 

Males 790 44 9 291 15 0 0 76 

Females 993 79 6 45 5 30 3 3 S 


Totals 


1,783 64 2 38 2 23 5 2 5 


INFLUENCE OF WATER SUPPLY 

The examination disclosed that the numbers and proportions of dif- 
ferent types of goiter at the various ages and sexes did not vary with 
the different water supplies, m spite of the fact that the water from 
Lake Superior must be considerably diluted, and, therefore, any chemi- 
cal or active virus must be in proportionate dilution The spring 
water comes from bubbling springs from five to eight miles in a 
crow’s path due east from the shore of Lake Superior The former 
flows into a lake tributary (Torch Lake) of the latter twenty miles 
from the intake of the Lake Superior water supply station An 
adequate idea of the location and relative distances can easily be 
acquired by a reference to a map of the Keweenaw Peninsula of 
Upper Michigan Space does not permit me at this time to mention the 
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results of examinations of the various water supplies, but I may add 
that the waters about the county, whether spring water or Lake 
Superior water, from various sources, have a constant factor The 
relation of calcium to sodium elements is always more than 1 1, and 
this relationship occurs but rarely in any other water supplies m the 
United States The watei supply has been given the credit for carrying 
the positive factor of goiter but in this incident, it does not assist us 
any in determining it At some future date this study will continue and 
further mfoimation will be presented on this phase of the subject 



Chart 1 — Outline dots indicate percentage of total goiters to number of per- 
sons in each year in the 1,783 examined AB, mean curve of percentages 


INFLUENCE OF AGE AND SEX ON INCIDENCE OF GOITER 

The occurrence of goiter m age is so differently influenced by 
the nature of the sex, that a comparative study of these two factors 
would be more advantageous The goiters commence at the first year 
m about 22 to 26 per cent of those examined at that age, both sex 
percentages advancing rapidly towards puberty, much steadier m the 
female, whose percentage of total goiters m the period from 10 to 
15 years being about 94, while that of the male averages about 68 




Chart 2 — Outline dots indicate percentage of total goiters to numbers m 
each year in the 993 females CD, mean curve of percentages in five year 
averages , 



Chart 3 — Outline dots indicate percentage of total goiters to numbers in each 
year in the 790 males EF, mean curve of percentages in the five year averages 
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The mean curve of the goiter percentages in the female is main- 
tained throughout life above 80 per cent , while that of the male drops 
very maikedly to about 20 per cent between 35 and 40 years of age, 
when it gradually rises to the height of 32 per cent at 42, slipping 
down later with accidental fluctuations till 20 per cent is reached near 
the end of life 

One can readily see that as the functions of the glands of internal 
secretions are more drawn on by the female at puberty, during child 
bearing and at the menopause, she has more reason for alteration and 
growth of this important gland Therefore, the findings m the per- 
centages demonstrate this fact very clearly Her incidence of thyroid 
enlargement is maintained more steadily, not dropping as m the male, 
after the rise at puberty has been established In the examination of 
women at confinement, more than 90 per cent had their thyroids 
enlarged from just a palpable mass to a size that interfered with respi- 
ration, extending from chin to sternum and latterly bulging the sterno- 
mastoid as much as the muscle^ would permit Adenomatous masses, 
simple goiter and normal gland tissue, under ordinary conditions of 
life, all became hypertrophies during pregnancy The constant stimu- 
lating influence, coupled with the goiter belt irritation, no doubt helps 
to cause a permanent enlargement of the thyroid gland in these simple 
and adenomatous goiters 

DIFFERENT TYPES OF GOITER 

An interesting fact that the tabulation and deduction of percent- 
ages of the two important groups of goiters by sex and ages has 
established, is that in the first half of life in both sexes, till 35 years 
of age, the maintenance of the large percentages of goiters is due to 
the simple enlargement of the gland, and that as the age arrives when 
growths are more prevalent, we see the adenomas and cystadenomas 
arriving to absolutely maintain the percentage m the female and the 
male The curves show that puberty affects the growth to simple goiter 
earlier than the enlargement of the adenomatous masses Therefore, 
the solid line declines at 16 years and the broken line declines at 19 
years Charts 4 and 5 plainly give this wonderful and startlingly clear 
information The similarity in time of the appearance of growths 
corresponds very closely to our idea of growths in other vital parts 
of the human body, l e , the cancer period commences at about 35 
years of age, and fibromas of the uterus are more marked after from 
32 to 35 years of age, etc No absolute age of commencement of 
the growths can be established because, no doubt, there were embryonic 
retention nests potentially amenable to excitation of growth, growing 
slowly, from the very beginning 




Chart 4— Different types of goiters m 993 females from 1 to 61 years of age 
inclusive Outline dots indicate percentage of simple goiters (Group 1) and 
solid triangles percentage of adenomata and cystomata (Group 2) to the total 
females examined for each year Solid line, mean curve for Group 1 , broken 
line, mean curve for Group 2 



Qiart 5— -Different types of goiters in 790 males from 1 to 61 years of age, 
inclusive Outline dots indicate percentage of simple goiters (Group 1) and solid 
triangles percentage of adenomata and cystomata (Group 2) to the total males 
examined for each year Solid line, mean curve for Group 1 , broken line, mean 
cune for Group 2 
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PARENTAL RELATIONSHIP OF GOITER 

Out of the total numbers examined, mothers alone had goiters in 802 
instances, fathers alone in twelve, and both parents 183 times These 
figures are only complete as far as they go, because in some families 
neither the history nor observation could establish data sufficient to note 
whether the parent or parents had any enlargement of the thyroid 
In the families with four or moie children, the family record 
being complete, it was found that the presence of goiter in both 
parents resulted m many goiters among the children Adenomas in 
both parents, especially the father, meant adenoma in the children 
According to Chart 6, which contains records of full families, the 
influence of the presence of goiter in the mother is four times as great 
as that in the father The presence of goiter in both parents leaves 
the offspring without the smallest possible chance of not developing 
goiter, if they continue to live in this district 



Chart 6 — Percentage of total goiters in 242 complete families with 1,192 persons 


REPORT OF CASES 

1 Family A P Father and mother were born in Lower Canada and have 
adenoma in the right lobes of the thyroid All the children, four girls and 
two boys, were born here, living here always The eldest, a girl, aged 18 has 
a small simple goiter, but all the other children have adenomas in the right 
lobes, varying in size from small to large 

2 Family P M Father and mother born in Canada and had nine children, 
eight boys and one girl, all born here, living here always The father has a 
small right adenoma, the mother has large multiple adenomas, and the four 
older children all have from small to moderate sized adenomas, the five smaller 
ones having small simple goiters 

3 Family L P Mother and father born in Canada and had eleven children, 
six boys and five girls, all born here, living here always Parents both have 
adenomas of the thyroid and all'the children, except a boy, aged 6, who has an 
adenoma, have from small to moderate sized goiters 

4 Family E C Father and all the children born and always lived here 
The mother was born in Arkansas Mother and father have large and mul- 
tiple adenomas, respectively, and the children, seven boys and five girls, all 
except a 2 year old girl, have goiters (three have adenomas, and the others 
simple goiters) 
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There is, no doubt, an influence m the mothers with large exuber- 
ant thyroids to give birth to infants with enlarged thyroids Some 
of the latter are large enough to cause distinct pressure 

In my experience of nearly twenty years in this section, I have 
never seen a nongoiterous mother bear a goiterous child, but many 
women with goiters, whose thyroid and goiter enlarged immensely 
during pregnancy, bore children with distinct enlargements of the 
thyroid, and, furthermore, nearly all of her children were born with 
the same enlargement of the thyroid We can, with leason, draw 
the conclusions that influences that mean enlarging active thyroids 
m the mother are carried through the placenta, causing a correspond- 
ing enlargement of the fetal thyroid, and also, that no doubt it is of a 
chemical nature acting positively or negatively An interesting point is 
that these large fetal thyroids disappear in from seven to fourteen 
days after birth, even though the child is nursed by its mother There- 
fore, this transmitted influence passes through the placenta and not 
in the mammary secretion, the child acquiring it later in life Some 
of these childien at birth have the appearance of cretins with short 
noses, short stubby hands and the expression of idiots 

INFLUENCE AND LIABILITY OF DEVELOPMENT OF GOITER 

In reviewing histories of the numbers who suffer from certain 
types of enlarged thyroids, simple, adenomatous, cystic and colloid 
goiters, we must conclude that enlargement of the thyroid maintained 
by living continuously in thyroid belts will be permanent These 
glands can only be treated by surgical intervention This applies 
more directly to adenomas that have the potentiality of varying m 
size and becoming plain tumor masses and thyrotoxic 

One thousand two hundred and twenty-three persons were born 
here and 538 were bom elsewhere Of the latter, 341 lived here 
fifteen years, 54 lived here from ten to fourteen years, 68 lived here 
from five to nine years, and 75 from one to four years, inclusive 
This makes more than 80 per cent of the total number subjected to 
the same local influence by birth or by residence for fifteen years or 
more Therefore, if one were born elsewhere in a non-goiterous 
region and moved to this district, the liability of becoming goiterous 
would depend on the length of residence and the age of attaining 
the same Therefore, we may deduce from these figures and other 
observations that, being born or acquiring a residence of fifteen years 
or more here, would entitle one to an enlarged thyroid according to 
the percentages for that year (Charts 1, 2 and 3) The danger, if 
the individual continued his residence, increases inversely with the 
age of attaining the latter 
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The liability of goiters developing in persons born here is as fol- 
lows Females, aged 13 years and over, 80 per cent , males, between 
13 and 35 years, 66 per cent, and males between 35 and above, 45 
per cent (Charts 2 and 3) 

The liability in Group 2 is as follows Females from 5 to 35 
years, 20 per cent , females, 35 years and above, 62 per cent , and 
males from 5 years and above, 20 per cent (Charts 4 and 5) 

RELATION OF INFECTION 

In analyzing those who have focal infection and develop enlarge- 
ments of the thyroid, whether becoming toxic or not, I am not free 
to believe that infection alone, nor the infective agent, causes goiter 
The presence of infected teeth, or infected hypertrophied tonsils, or 
contagious diseases, or other infections will cause m thyroid patients, 
thyroiditis, enlargements of adenomas, or toxic symptoms, occasionally 
The infective agent very raiely does this directly, but the focal toxemia 
causes a secondary effect on the thyroid The weight of evidence 
and observations leads me to conclude that except for a direct thy- 
roiditis, which is not uncommon, thyroid enlargements or thyroid 
zones are not caused necessarily by direct infective agents This is 
said with due respect to the modern writers on the subject who lean 
toward some infective agent in itself being responsible for thyroid 
zones The future will settle the question whether direct infection, or 
intestinal toxemia, or just the lack of some element in the soil or water, 
or uncleanlmess m the handling of vegetables grown here is, or contains, 
the causative agent 

The large numbers in our section who are practically normal and 
healthy otherwise, those who lose their enlargements of the thyroid 
during absence from this section, and the presence of enlargements 
which become more marked here than elsewhere during the periods of 
life when the greatest metabolic changes occur — as puberty, meno- 
pause, menstruation and pregnancy — are points in circumstantial evi- 
dence that offset much in the infective theory 

Sasaki and McCarrison’s experiments with the addition of sub- 
limated potassium lodid m a dilution of 1 5,000,000 to rat feces 
contradict rather than strengthen the infection theory c 

The arguments of Kutschera and Taussig can be explained as 
easily by soil and water supply m susceptible persons 5 6 D Marine 
and his associates have done work that is most interesting and mstruc- 


5 Crotti Thyroid and Thymus, 1918, p 264 

6 Crotti Thyroid and Thymus, 1918, p 265 
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tive T They have found that reduction and prevention of thyroid 
enlargements can be obtained by the use of 2 gm of sodium lodid 
taken in 0 2 gm doses for ten days twice yearly G 

In the families who live here constantly, where there is crowding 
and plainer, simpler methods of living and poorer hygienic conditions, 
goiters are more prevalent This observation has been made else- 
where and corroborated many times 

CONCLUSIONS AND SUMMARY 

1 It must be recognized that m a zone in which thyroid enlarge- 
ments occur, as here, there is a normal physiologic hypertrophy, and 
this should not be called goiter But to appreciate the various lines of 
demarkation, much study and astuteness in the differential diagnosis 
of thyroid enlargements is needed All adenomas, cystomas and dis- 
tinct colloid goiters can be classed as nonphysiologic Simple enlarge- 
ments may be only a physiologic response to internal needs or external 
influences, — the latter exaggerating the former The thyroid gland, no 
doubt, plays an important role in the endocrine hormone m maintaining 
the balance of metabolism in the body and being prominently located, 
exhibits its response more markedly than do its associates But it 
must be remembered that long continued hypertrophy means permanent 
enlargement, and one must always keep m mind the definite pathologic 
potentiality of this most active tissue When hyperplasia occurs in 
simple goiter, or adenoma, whether fetal or adult, true exophthalmic 
goiter and hyperthyroidism may follow I need not mention the vital 
organ degenerations that mark their paths 

2 One thousand seven hundred and eighty-three persons, ranging 
in age from new-born to 61 years, were examined for enlarged thy- 
roids One thousand one hundred and forty- six had enlarged thy- 
roids with 682 simple goiters, 420 adenomas and cystomata and 44 
colloid 

3 The incidence curve shows that goiters increase in both sexes 
during puberty, dropping to a small degree after the growth of the 
individual is attained The curve remains in the female for the child 
bearing period, going down at about 38 or 40 years, when it rises again 
for the menopause In the male, the curve gradually drops till 35 or 
40 years, when there is a small rise due to the growths in the glands 
asserting themselves, the male having no special metabolic change to 
influence the enlargement 


7 Kimball, Rogoff and Marine The Prevention of Simple Goiter in Man, 
J A M A 73 1873 (Dec 20) 1919 
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4 Charts 1 to 6, inclusive, demonstrate the occurrence by age and 
sex of the various relationships of simple goiter, adenoma and cystoma, 
respectively 

5 The simple goiters maintain the high percentage till 35 years is 
attained and the adenoma and cystoma sustain the height of the inci- 
dence curve after that age 

6 The liability table given is approximately accurate 

7 The various water supplies — spring water or Lake Superior 
water — influence the enlargements of the thyioids the same 

I wish to thank Mr H C Kenny and assistants for their services on the 
charts 



VARIATIONS OF ACID CONCENTRATION IN DIFFER- 
ENT PORTIONS OF THE GASTRIC CHYME, 

AND ITS RELATION TO CLINICAL 

METHODS OF GASTRIC v 

ANALYSIS * ^ 

FRANK D GORHAM, MD 

ST IOUIS 

The quantitative determination of the variation of gastric acidity 
during different phases of digestion by the so-called "fractional method 
of gastric analysis” is presumably based on the assumption that the 
gastric chyme, after a test meal, is a homogeneous mixture, and that 
a small portion (from 6 to 10 c c ), aspirated at fifteen minute intervals, 
represents the acid concentration of the gastric contents as a whole 
at that period of digestion If this above hypothesis is correct, and if 
it is based on a true physiologic principle, then we should expect the 
acid concentration of different portions of the remaining gastric chyme 
to be similar at these different mteivals aftei a test meal It is my 
purpose to show that this hypothesis is not based on tiue physiology, and 
that the acidity of one portion, as obtained by the fractional method, 
may diffei widely fiom the acidity of diffeient portions of the 
i emainmg contents 

METHOD OF PROCEDURE 

After the removal of the fasting contents of the stomach by means of 
a small, soft stomach tube of the Rehfuss type, the patient is given the 
Dock test meal, consisting of 30 gm of dry shredded wheat biscuit and 
400 c c of water The tube is then remtioduced foity-five minutes after 
the meal, and the contents aspirated in 10 c c portions in rapid succes- 
sion until the stomach is empty, the last portion being obtained after the 
inflation of the stomach with air, the patient lying supine The acidity 
of these different portions is determined separately by the Toepfer 
method of analysis, titrating with tenth normal sodium hydroxid, using 
dunethylamidazobenzol and phenolphthalem as indicators Tenth nor- 
mal hydrochloric acid is used for hydrochloric acid deficit An equal 
mixture of all samples is used for determining "the average acidity ” 

This method is piactical and is considered sufficiently accuiate for 
our purpose Considerable care must be taken m preventing the patient 
from swallowing saliva, and also from extreme retching during the 
withdrawal of the gastric contents Samples containing excess of 
mucus ot of bile should not be used for the examination 

* From the Department of Internal Medicine, Washington University School 
of Medicine 
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RESULTS OF EXPERIMENTS 

In my experiments the above method of extraction and analysis 
has been used m sixty-five cases with varied clinical diagnoses In a 
few cases successive test meals were given, and the stomach was 
completely emptied at y 2 hour, 1 hour, iy 2 and 2 hours in the remain- 
ing cases the contents were removed at forty-five minutes after finishing 
the meal In 73 per cent of these patients the acidity of the first 
sample varied considerably (from 20 to 102) from the acidity of the 


/ 




Total Acidity / PhenolpbtSzaleinJ 
Trce/fydrorfiloricAci d fZtzcnetliyl a/mdo 
a; o&enzol) 


Fig 1 — Clinical Diagnosis Constipation Notice the slight variation of 
acidity of the different portions of the gastric chyme aspirated in 10 cc por- 
tions in rapid succession forty-five minutes after a test meal consisting of 
30 gm shredded wheat biscuit and 400 c c water 


successive portions For example, in a patient without clinical evi- 
dence of disease (Fig 1), the acidity of the first sample obtained varied 
little from the acidity of the successive ones This, however, is in 
marked contrast to the results obtained (Fig 2) in a patient with a 
perforating duodenal ulcer (twelve hours before operation), where only 
a trace of free hydrochloric acid was obtained m the first sample at 
forty-five minutes after a test meal One of the successive portions 
(Sample 11) showed a total acidity of 118 and a free hydrochloric acid 
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of 106 The average of all samples was total acidity, 66, free 
hydrochloric acid, 55 

It is interesting to note that in a case of supposed achlorhydria 
(Fig 3) free hydrochloric acid appeared only in one sample The 
other samples, and an equal mixture of all samples, showed a free 
hydrochloric acid deficit 

In a case of benign pyloric stenosis, successive test meals were 
given, and the gastric contents were removed m 10 c c portions by 
the above method y 2 hour, 1 hour, 1 y 2 and 2 hours after the meal The 



2 — Clinical Diagnosis Perforating duodenal ulcer (confirmed at 
operation) Stomach emptied by aspirating 10 c c portions in rapid succession 
forty-five minutes after a test meal consisting of 30 gm shredded wheat biscuit 
and 400 cc water Notice variations between “sample” (sample 1) usually 
obtained by the “fractional method,” the high point of acid concentration (sam- 
ple 11) and the average acidity of all samples (last column) 

variations of the acidity of different portions of the chyme at these 
different periods was definite, and if we chart (Fig 4) the low total 
acidity at these different periods as one curve, and the high total acidity 
as another curve, it will be seen how great a variation can be accounted 
for by the unequal acidity of different portions of the gastric chyme 
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REVIEW OF LITERATURE 

Pavlov, 1 in considering the movements of the stomach, was of the opinion 
that “the contents of the greater stomach remain for hours unmixed, and that 
the gastric juice digests and dissolves the mass from the exterior inwards” 
According to Cannon, 2 3 a stratification is produced which remains through- 
out the greater part of digestion, the mass being acted on by the gastric juice 
from the periphery inward In consequence, the interior remains long unacidi- 
fied and here salivary digestion may continue for hours 

Grutzner 8 fed various animals with food, the successive portions of which 
were of different colors At varying intervals the stomachs were tied off, 
removed and plunged into a salt and ice mixture, the mushy contents were 
frozen solid and cut into sections, always showing a definite stratification 
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Fig 3 — Clinical Diagnosis Chronic Gastritis Stomach completely emptied 
by aspirating 10 c c portions m rapid succession forty-five minutes after a test 
meal consisting of 30 gm shredded wheat biscuit and 400 c c water — all sam- 
ples except one (sample 6) and a mixture of all portions show a free hydro- 
chloric acid deficit (last column) 

Prym 4 investigated the behavior of a liquid meal, using Sahli’s flour and 
butter soup Dogs were given the soup to which blue litmus had been added, 
and at varying intervals the stomachs were tied off, frozen solid and cut into 
sections The central portion and that near the cardia were usually found blue 


1 Pavlov The Work of the Digestive Glands, Ed 2, London, 1910, Charles 
Griffin & Co , p 182 

2 Cannon The Mechanical Factors of Digestion, London, 1911, Edward 
Arnold, New York, Longmans, Green & Co 

3 Grutzner Arch f d ges Physiol 106 463-522, 1905 

4 Prym Deutsch Arch f klin Med 90 310 (June) 1907 
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in color, the rest having been turned red by the hydrochloric acid Different 
portions of these contents were cut out and the acidity was determined It 
appeared that the degree of acidity was greater at the periphery of the mass 
than at the center Prym also administered the liquid meal to a number of 
patients, and expressed the stomach contents through a double tube with one 
opening at the tip and the other 10 cm higher up In this way he was able 
to obtain gastric contents simultaneously from different parts of the stomach 
and found that the two portions varied widely in acidity 

Sick, 0 by a similar method, found that in man, after a liquid test meal 
(Sahli), the acidity of the pyloric gastric contents varied much from that of 
the fundal portion and that, therefore, even after a liquid meal, the stomach 
contents are far from homogeneous 
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Fig 4 — Clinical Diagnosis Pyloric stenosis, benign The upper curve 
shows the high total acidity, the lower curve shows the low total acidity, and 
the broken line the average total acidity of the gastric chyme aspirated in 
10 cc portions in rapid succession at %, 1, and 2 hours after successive test 
meals consisting of 30 gm shredded wheat biscuit and 400 c c water 

Taussig 8 gave a number of patients test meals and at one hour obtained 
all the contents possible m the erect posture, and then expressed a portion 
of the remainder after inflating the stomach with air, the patient lying “prone” 
or nearly so The acidity of these two portions was then determined and com- 


5 Sick Ibid 88 169 (Oct) 1906 

6 Taussig and Rush Boston M & S J 158 79 (Jan 16) 1908 
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pared He found that in a majority of instances these two portions varied in 
the degree of acidity In some of the cases the difference was excessive, for 
instance, in a case of suspected gastric ulcer the first portion of 65 cc had a 
total acidity of 103 with free hydrochloric acid 76, while the second portion 
of 50 c c had a total acidity of 52 and free hydrochloric acid 26 

DISCUSSION 

' It has been shown by the result of experiments, and the work of 
others, that different portions of the gastric chyme may vary widely 
m acid concentration and, therefore, a small sample as obtained in the 
“fractional method of gastric analysis,” or m other methods, where only 
a small portion of the contents is obtained for analysis, is not, in the 
majority of instances, representative of the gastric chyme as a whole 
because the acid concentration of this portion may vary considerably 
from the highest or lowest acidity of some remaining portion, or the 
average acidity of the entire gastric contents at that period The 
“sample” obtained by the “fractional method” only represents the 
acidity of the gastric chyme at that moment, in the part of the stomach 
from where it is obtained, or, in other words, it is dependent entirely 
on the position of the tip of the tube in the stomach This position is 
necessarily a constantly changing one, due, first, to the change of size 
and position of the stomach while emptying itself through the pylorus 
and by aspiration, second, the shortening and lengthening of the 
stomach from gastric contraction , third, the peristaltic waves that tend 
to carry the tube toward the pylorus 

This explains, m part, the great variety of acidity curves obtained 
by the “fractional method” in the normal and similar pathologic con- 
ditions that in the past have been attributed to secretory variations 
What has been said concerning the “fractional method” also applies 
to all other methods of gastric analyses where only a sample is obtained 
after a test meal Therefore, in order to speak of quantitative gastric 
analysis, the stomach must be emptied completely at a definite time 
after a standard test meal The true fractional analysis necessitates the 
giving of successive test meals and extracting them at different periods 
and this, in the majority of instances, is impractical in clinical work 

CONCLUSIONS 

1 A method of gastric analysis is introduced for determining the 
variations of acid concentration in different portions of the gastric chyme 
after a test meal 

2 Experimental evidence is given to show that the gastric chyme 
is not, in the majority of instances, a homogeneous mixture after a test 
meal, and that the acidity of different portions may vary widely 
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3 In the so-called “fractional” or other methods of gastric analy- 
ses where only a small sample is withdrawn, the small portion removed 
may or may not be representative of the gastric contents remaining 
m the stomach 

4- Attention is called to a physiologic principle that explains in 
part the great variety of curves obtained by the “fractional method” 
m the same individual and m similar pathologic conditions which in the 
past have been attributed to secretory variations 

I desire to express obligation for the technical assistance of Miss Bertha 
Isaacs 



THE NATURE OF SPECIFIC HEMOLYSINS AND A 
STANDARD METHOD OF PREPARING 
ANTISHEEP HEMOLYSIN + 

L G HADJOPOULOS, MD 

NEW YORK 

From tlie time of the discovery of specific antibodies and their 
subsequent application to the so-called complement fixation tests, the 
study of specific hemolysins has especially attracted the attention of 
numerous investigators 

As early as 1875, Landois, 1 m the course of transfusion experiments, 
noticed the toxic (hemolytic) effect of alien serums on the erythrocytes 
of the recipients But our knowledge of specific hemolysins dates 
back to 1898, when Belfanti and Carbone, 2 and almost simultaneously 
Bordet, 3 published their observations on the gradually acquired 
hemolytic properties of serums of animals injected with erythrocytes 
of other species 

Following the above observations, more important facts about the 
multiplicity of such lytic antibodies were disclosed, and so, the general 
interest was more concentrated on bacteriolysms and other kinds of 
cytolysins that have to do more directly with the all important question 
of immunity and anaphylaxis This resulted in a partial neglect of the 
equally important questioil of the nature and mode of production of 
specific hemolysins 

Hemolysis, in general, is the term applied to the solution or lysis 
of red blood corpuscles The term should be applied to some sort of 
alteration of the red cell stroma permitting the hemoglobin to escape 
into the surrounding fluids The stroma may or may not be dis- 
integrated As this article deals only with specific hemolysins, the 
question of nonspecific hemolysis brought about by any one of the 
physical or chemical agencies, such as heating, freezing or thawing, 
effect of hypertonic or hypotonic solutions, toxins, either bacterial or 
vegetable, etc , lies outside its scope Therefore, we shall confine 
ourselves to specific hemolysins produced under biologic methods by 
parenteral introduction of alien erythrocytes 

The various methods employed m the production of specific 
hemolysins are, either m part or as a whole, a repetition of the original 
method of Bordet, with only a few variations of the dose, of the interval 
between injections, and of the choice of the site for parenteral intro- 
duction of alien erythrocytes These variations were necessitated by 

♦From the Department of Laboratories, Beth Israel Hospital 

1 Landois Die Transfusion des Blutes, Leipzig, 1875 

2 Belfanti and Carbone Giorn della Acad di Torino, July, 1898 

3 Bordet, J Sur l’agglutmation et la dissolution des globules rouges par 
le serum d’ammaux injectes de sang defibrme, Ann Inst Pasteur 12 688, 1898. 
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the difficulty of producing certain hemolysins, such as antihuman 
hemolysins A real step toward the understanding of the nature of 
such hemolysins was taken when washed red cells, instead of whole 
blood, were injected This was a logical sequence to our knowledge, 
that the whole blood was not a simple antigen Whole blood, besides 
the various formed elements in it (which by themselves are compound 
proteins) contains serum, serumalbumm and serumglobulm 

The most generally adopted method of producing hemolysins 
(antisheep, for complement fixations reactions) is by intravenous 
injection of sheep cells into rabbits, the amounts varying from 1 to 2 c c 
of a 50 per cent suspension until four or five such injections are 
successfully administered, and about a week after the last injection, 
testing the rabbit serum for hemolysins The interval between injec- 
tions varies from three to four days This method has found general 
acceptance in the majority of our biological laboratories 

By injecting washed erythrocytes, the possibility of production of 
undesirable serum antibodies of the nature of serum precipitms has 
been greatly reduced, but erythrocytes are not a simple antigen, as 
they are commonly thought to be Histologically, erythrocytes are 
composed of a colorless envelope enclosing a solution of hemoglobin 
The envelope represents the cell protoplasm and its chemical nature 
is mainly lipoidal It is soluble in ether, chloroform and other similar 
fat solvents The hemoglobin is a conjugate protein composed of 
globm, a protein of the group of histons, and hematm, the iron con- 
taining pigment Although the mammalian erythrocyte is devoid of a 
nucleus, still it contains small traces of nucleoprotem in addition to the 
above mentioned ingredients 

The relative proportion of the different ingredients is shown m 
Table 1 taken from Abderhalden (cited after Hammarsten) 

TABLE 1 — Various Ingredients of Erythrocytes 


1,000 Parts Contain 

Water 

Organic solids 
Inorganic solids 


688 00 
303 88 
812 


100 Parts of the Dry Organic Matter Contain 


Protein 

Hemoglobin 

Lecithin 

Cholesterm 


5 to 12 parts 
86 to 94 parts 
1 8 parts 
0 1 part 


With such a complex antigen as the erythrocyte, the question 
naturally arises as to what ingredient is mainly or solely responsible 
for the production of hemolysin Ehrlich and Morgenroth 4 produced 


4 Ehrlich and Morgenroth Ueber Haemolysine, Berl klin Wchnschr 21 
453, 1900 
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hemolysins by injecting laked sheep blood to goats Bordet and Von 
Dungern maintain that the stroma is the exciting agent Bang and 
Forssman 5 6 were able to produce hemolysins by injecting animals with 
ether extracts of red blood cells Nolf attributes mainly to hemoglobin 
the production of hemolysin, while the stroma, according to him, give 
rise to hemagglutinins In a recent study, Kolmer and A Rule, 0 in 
corroboration with Vedder 17 were able to produce antihuman hemolysins 
by injecting washed human cell stroma into rabbits 

EXPERIMENTAL WORK 

We separated the complex antigenic value of the erythrocyte into 
its component parts and then investigated each part individually As it 
is possible to separate the stroma from hemoglobin — the major antigenic 
fraction represented in an erythrocyte — the following, rather simple 
technic, was developed 8 

After washing sheep cells absolutely free of serum (this takes at 
least five or six washings m physiologic sodium chlond solution), the 
supernatant saline solution was decanted and replaced gradually with 
sterile 0 4 or 0 5 per cent saline solution, shaking constantly, until 
enough hypotonic saline solution was added to hemolyze almost com- 
pletely the red cells A few cells should always remain unhemolyzed 
in order to protect the further destruction of the already hemolyzed 
cells These few undissolved red cells are gotten rid of by a few turns 
in the centrifuge and the opalescent red fluid is decanted free of 
undissolved red cells It contains, in suspension, the cell envelopes or 
the so-called “shadow forms,” with some leukocytes in a menstruum 
of hemoglobin solution 

To separate the stroma from hemoglobin, the opalescent fluid 
obtained was further centrifuged at a very high speed for 30 minutes 
until the supernatant fluid was absolutely transparent Now, the tube 
showed at its bottom a small amount of a flesh colored mass, this 
represented the stroma The fluid portion was decanted and the 
sediment shaken repeatedly with physiologic sodium chlond solution 
and centrifuged until it was free of all the traces of hemoglobin 
Finally, the uniform emulsion was made in saline solution of an equal 

5 Bang and Forssman Untersuchungen uber die hamolysinbildung, 
Zentralbl f Bakteriol u Parasitenk 40 151 

6 Kolmer and Rule Studies in the Standardization of the Wassermann 
Reaction, Am J Syphilis 4 484, 1920 

7 Vedder, E The Production of Antihuman Hemolysins, J Immunol 4 
141, 1919 

8 Vedder 7 noticed that by passing ordinary illuminating gas through washed 

erythrocytes, a larger percentage of cell envelopes, 33 per cent , could thus be 
obtained As our work antedates that of Vedder, we will give our technic as 
adopted three years ago l 
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volume with that of the original blood used This was placed in a 
sterile flask and kept aseptic with the addition of a little phenol, enough 
to make a 0 5 per cent solution This constituted the stock antigen 
of the lipin fraction of erythrocytes 

The hemoglobin fraction was further diluted with saline solution 
to five times its original volume and centnfugalized repeatedly for from 
one half to one hour until it was free of all formed elements, when 
examined microscopically 9 

After thus separating the two mam antigenic fractions of the 
erythrocyte, the following three series of' experiments were undertaken 

Series A, to show the antigenic value of each fraction by itself 

Series B, to show the anaphylactic or toxic value of either fraction 

Series C, to inquire into the possibility of nonspecific toxicity on 
the part of either fraction 

EXPERIMENT SERIES A 

Lipin Fraction — To test the antigenic value of the hpm fraction 
both rabbits and gumea-pigs were used These animals were injected 
at regular intervals of two or three days with amounts of stroma to 
represent from 5 to 10 cc of 50 per cent erythrocyte suspension 
until four or five such injections had been administered successfully 
A week from the last injection, animals were bled to death, no anesthetic 
having been used for this purpose The serum thus collected was tested 
for the following antibodies 

1 Agglutinins and Precipitms To test for agglutinins and 
precipitins, of the various dilutions of immune serum shown m the 
table below, each tube contained 0 25 c c and in addition 0 25 c c of 
1 per cent washed sheep cells suspension The tubes were shaken well 
and incubated at 37 C for one hour, then left at room temperature 
and the readings were taken the following morning 

2 Hemolysins Here, again, of the various dilutions of immune 
serum, each tube contained 0 10 c c to each 0 10 c c of 5 per cent 
washed sheep cells and the volume of each tube brought up to 0 50 c c 
by adding saline The tubes were then incubated m a water bath at 
37 C for thirty minutes After the cells were thus sufficiently 
sensitized, 0 25 cc of a dilution of gumea-pigs serum representing 2 
units of complement was added to each tube The total volume was 
brought up to 1 25 c c by further addition of 0 50 c c of saline 
Readings were taken after one hour’s incubation in a water bath at 

9 It is difficult to get the hemoglobin fraction free of all stroma, for even 
after a -very prolonged centrifugahzation, one still finds a “shadow form” in 
every two or three microscopic fields with the hanging drop method, under 500 
diameters 
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37 C The results are tabulated m Table 2 The controls were 
negative 

3 Hemoglobin fraction This experiment was carried out only on 
guinea-pigs The technic was similar to that used in the lipm fraction 
experiments The results are given ill Table 2 


TABLE 2 — Results of Examination of Immune Serum for 
Lipin and Hemoglobin Fractions 


Agglutinins — Precipitins 

Serum Lipin Hemoglobin 

Serum 

Hemolysins 

Lipin 

Hemoglobin 

JUilut-ion 

Fraction 

Fraction 

Dilution 

Fraction 

Fraction 

1 2 

Hh 

+ + + + 

1 10 

C 

C 

1 10 

— 

+ + 

1 50 

C 

C 

1 25 

— 

+ 

1 100 

C 

ACH 

1 50 

— 

±2 

1 250 

C 

— 

1 100 

— 

— 

1 500 

C 



1 250 

— 

— 

1 1000 

ACH 

— 

1 500 

— 

— 

1 1500 

PH 

— 

1 1000 

— 

— 

1 2000 

LH 

— 


+ denotes the degree of completeness of reaction 

± denotes doubtful reaction 

— denotes absence of reaction 

C denotes complete hemolysis 

ACH denotes almost complete hemolysis 

PH denotes partial hemolysis 

LH denotes little hemolysis 

The lipin fraction, while almost absolutely lacking in hemag- 
glutinogens and hemoprecipitmogens, is very rich in hemolysmogens 
On the other hand, the hemoglobin fraction with a rather marked 
hemagglutmogen and hemoprecipitmogen shows also a weak hemoly- 
smogen In our opinion, the presence of such small amounts of 
hemolysmogens is due not to the hemoglobin antigen but to the 
unavoidable presence of very small amounts of stroma in suspension 
in the hemoglobin fraction injected, as already mentioned If, however, 
the hemolysins produced by injections of hemoglobin fraction is induced 
by the specific hemolysin-mciting value of hemoglobin, then its nature 
should be (although not necessarily) different This is not, however, 
the case since the conjoined action of both serums as manifested by 
hemolysins is represented simply by the sum of their respective hemolytic 
values as if each acted separately 

EXPERIMENT SERIES B 

Determination of Anaphylactic Value of Each Fi action — In the 
course of experiments (series A), it was noticed that animals injected 
with regulated doses of the lipm fraction never exhibited any toxic 
reaction to such injections, intravenous for rabbits, or mtrapentoneal 
for guinea-pigs On the contrary, starting with the third injection, 
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animals injected with the hemoglobin fraction manifested mild but 
definite toxic reactions There were no fatal results either with 
rabbits or with guinea-pigs On the supposition that the doses may 
have been too small to manifest their toxic effects (if at all toxic), a 
new series of animals was injected with increasing doses of both 
antigenic fractions, the last injection well exceeding from four to five 
times the initial dose Here, again, animals receiving the lipm fraction 
did not manifest any toxic symptoms The hemoglobin fraction, on 
the other hand, manifested varying grades of toxicity, although it was 
never fatal 

Finally, the original method of Rosenau and Anderson was adopted 
for producing anaphylaxis One sensitizing dose of each antigen was 
injected, and after the completion of the supposed incubation period of 
approximately twelve days a very large toxic dose, namely, from 10 to 
15 cc of 50 per cent erythrocytes, was administered mtraperitoneally 
Again, the animals injected with the lipin fraction did not manifest 
any anaphylaxis On the other hand, the animals injected with the 
hemoglobin fraction m some cases showed moderately severe 
anaphylactic symptoms, and m rare instances death occurred 

About two years ago, the question of the cause of sudden death m 
rabbits miected with sheep erythrocytes for producing hemolysin, was 
studied Excluding all cases of death attributable to serum 
anphylaxis (as a result of improper washing of erythrocytes or to 
agglutinated masses in the cell suspensions), a certain number of the 
animals died with definite anaphylactic symptoms on the third injection, 
from four to six days after the first injection This is well within the 
incubation period In these cases specimens were obtained by biopsy, 
either while yet under the shock of anaphylaxis or immediately before 
the heart had ceased to beat, and their serums were tested for hemolysin 
The findings were rather interesting Such serums invariably showed 
a high hemolysin content as compared with animals that survived a shock 
or did not manifest it at all After careful study the conclusion was 
reached that the degree of toxicity of such intravenous injections was 
in direct proportion to the degree of previous sensitization of the animal 
and the amount of erythrocytes injected The conclusions to be drawn 
were that death was either the result of true anaphylaxis, where the ratio 
of the toxic to the sensitizing dose was very much above the. normal 
limits or that death was due to a simple nonspecific toxic reaction very 
much like any other chemical intoxication If the latter hypothesis were 
true, then the matter could be explained only on the basis of a sudden 
flushing of the tissue cells with the toxic products resulting from an 
immediate dissolution of the erythrocytes injected This aspect of the 
question is dealt with in the following third series of experiments 
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EXPERIMENT SERIES C 1 

Possibility of Nonspecific Toxicity of the Two Fractions — Many 
investigators had already observed the nonspecific toxic effects of 
intravenous hemoglobin injections The third series of experiments, 
where very large single doses of both lipin and hemoglobin fractions 
were injected to sensitized rabbits and gumea-pigs (with the sole aim 
of determining the minimal lethal dose of these fractions), failed to 
corroborate the conclusions of previous investigators 

Of the hemoglobin fraction, doses representing 5 c c of straight 
packed cells were injected intravenously, with only transient toxic 
symptoms, never resulting m death As regards the lipin fraction, 
single doses representing over 25 c c of straight packed cells were 
administered both to rabbits and to gumea-pigs with not even the 
slightest toxic manifestations It is possible, however, that the dif- 
ferent results may be due to a difference in the product used, as this 
hemoglobin was a rather pure product, free of stroma or of their 
deterioration products At any rate, one thing at least is certain, 
namely, that the toxicity of red cell injections does not reside m the 
cell stroma, nor are we absolutely certain that it resides in the 
hemoglobin 

Landsteiner 10 suggested the possibility that in the intact cells the 
lipin of the envelopes enter into a chemical combination with the 
protein of the cell, the result being a complex lipmprotem molecule 
There is no reason why such a molecule, when acted on by specific 
lysms and complement, should not result m anaphylatoxms 

Assuming the above actually to be the case, we must then necessarily 
admit that lakmg would alter the biochemical composition of the 
stroma, for, by injecting such stroma into an alien circulation we failed 
to obtain anaphylatoxms On the other hand, however, the generous 
production of specific antibodies is strongly m favor of the view 
advocating their antigenic value 

Bang and Forssman, 5 working with ether extracts of eiythrocytes, 
state that by injecting such ether extracts into animals they could 
produce hemolysins Landsteiner and Dautwitz, however, attribute 
the production of such hemolysins to other antigenic substances in such 
ether extracts, either in solution or m suspension 

We have injected into gumea-pigs hpms extracted with absolute 
alcohol from dried heart muscle After the administration of from 
four to five such intravenous injections, covering a period of from 

10 Landsteiner Weichardt’s Jahresbericht 6 1910 

11 Dautwitz and Landsteiner Ueber Beziehungen der Lipoide zur Serum- 
hamolyse, Beitr z chem Phys u Path 9 431, 1907 
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fifteen to twenty days, we failed to get any hemolysins m the serums 
of the guinea-pigs treated 

In all probability, the antigenic value of stroma does not reside m 
the lipms as such, but, as Landstemer suggests, in the hpm-protein 
combination of stroma which may enter into solution or fine emulsion 
m the organic solvents 

Another explanation of our failure to get anaphylaxis with the lipin 
fraction of erythrocytes might possibly be found in the assumption of 
a too vigorous sensitization of the animals with such lipin fractions, 
as, according to the views of Bordet , 12 the distribution of serum 
antibodies upon their respective antigens is always uniform Conse- 
quently, where there is an overdose of antigen, the number of antibodies 
available for each antigen unit will be insufficient to bring about the 
protein cleavage necessary for the pioduction of poison, that is, 
anaphylatoxin 13 

To sum up, whatever be the natuie of the hemolytic bodies pioduced 
by the injection of cell stroma, the mam points to be noted are 

Fust, that by injecting such products we can produce specific 
hemolysins similar to those produced by whole washed cells, similar 
at least as far as their hemolytic value is concerned In fact, by using 
such hemolytic sensitizers in thousands of parallel Wassermann tests, 
uniform results on the whole have been obtained 

Second, that the pioduction of hemolysins in this way is more 
economical in the use of animals 

Considering the way this sensitizer is produced, we would, naturally, 
expect that it should be specific for stroma This means that the com- 
plexity of the antigenic value of cells has been done away with We 
believe that a sensitizer, produced m the manner explained, will not in 
any way be inferior to that produced by the usual method, and in 
addition will give more specific leactions We might here say that a 
sensitizer produced by the method in geneial use, will contain at least 
two antibodies, antilipm and antihemoglobm When such a sensitizer 
is used for complement fixation tests, m the course of hemolysis part 
of the complement m each test will surely be absorbed by the hemoglobin 
antibody when the latter is united with its antigen, namely, the 
hemoglobin now m solution 

I wish to thank Dr Max Kahn, the director of the Department of Labora- 
tories, for his many kind suggestions during the progress of this work 


32 Bordet, J Sur le mode d’action des antitoxines sur les toxines, Ann 
de l’Inst Pasteur 17 161, 1903 

13 Rosenau and Anderson A New Toxic Action of Horse Serum, J M 
Res 15 179, 1906 , also, A Review of 'Anaphylaxis with Special Reference to 
Immunitj, J Infect Dis 5 85, 1908 



STUDIES ON THE EFFECTS OF QUININ ON 
THE LIVER, BLOOD CELLS AND 
URINE OF RABBITS^ 

DAVID M SIPERSTEIN and MORRIS LITMAN 

MINNEAPOLIS 

I EFFECT OF OUININ ON THE LTVTR 

In the course of a series, of observations on the excretion of bile 
pigments in the duodenum following the use of quimn, Prof, J P 
Schneider 1 found that the bile pigments of the duodenal contents were 
markedly increased and that urobilinogen also appeared He regarded 
this as an indication that the drug gave rise to pathologic changes in 
the liver In a search of the literature we have been unable to find 
reference to any studies on the effect of quinin on the structure of the 
liver The present investigation was, therefore, undertaken at his 
suggestion to determine whether pathologic changes in the liver could 
be induced in rabbits by the administration of doses of quinin com- 
parable to those given in clinical practice or whether the drug gave rise 
to hemolysis in vivo 

MATERIAL AND METHODS 

For the present investigation, fifteen healthy rabbits were used 
Two of them died as a result of the injections and were discarded 
With two exceptions, a 2 per cent solution of quinin hydrochlond in a 
Rmger-Langendorf mixture was used All injections were made intra- 
venously to assure a greater degree of accuracy 

The rabbits were killed by a blow on the head with a heavy stick 
The abdomen was immediately opened and pieces of liver tissue snipped 
off and allowed to diop into a beaker containing a 10 per cent dilu- 
tion of liquor formaldehydi solution or Carnoy’s fluid No 1 Paraffin 
sections, cut at 10 microns, were stained with hematoxylin and eosm, 
and studied All the material was treated exactly alike 

PROTOCOLS 

Rabbit 1 (Fig 1) — Weight, 1,950 gm , received no quinin, killed as a con- 
trol Normal arrangement of liver cells in cords Cytoplasm is finely granu- 
lar, no vacuoles Pigment granules abundant in liver cells 

Rabbit 2 — Weight, 1,850 gm , received no quinin, killed as a control Same 
as Rabbit 1 


* From the Department of Pharmacology, University of Minnesota 
1 Schneider, J P J A M A 74 1759 (June 26) 1920 
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Rabbit 3 (Fig 2) — Weight, 1,680 gm , received 013 gm, quinin (0079 gm 
per kilo) , killed one-half hour after injection Cords of liver cells greatly 
narrowed, due apparently to pressure of dilated sinusoids Sinusoids dilated 
and filled with corpuscles No pigment granules in liver cells 

Rabbit 4 (Fig 3) — Weight, 1,850 gm , received 0 06 gm of quinin (0037 
gm per kilo) , killed twenty-four hours after injection Normal arrangement 
of liver cells Very little pigment in liver cells Bile capillaries hard to find 
Vacuoles present m the cytoplasm of many cells (hydropic degeneration' 1 ) 
Rabbit 5 — Weight, 2,260 gm , received 0 18 gm quinin (0 079 gm per kilo) , 
killed twenty-four hours after injection Liver cells show normal arrangement 
Cytoplasm densely granular with small vacuoles No pigment in hepatic cells 



Fig 1 (Rabbit 1) — Section of normal liver showing normal structure of cells 


Rabbit 6 (Fig 4) — Weight, 2,140 gm , received 0 06 gm qumin (0 028 gm 
per kilo) , killed forty-eight hours after injection Cytoplasm finely granular 
containing vacuoles of various sizes (fatty vacuoles) Some bile pigment m 
liver cells 

Rvbbit 7 (Fig 5) — Weight, 1,860 gm , received 0 07 gm quinin (0037 gm 
per kilo) , killed ninety-six hours after injection Normal arrangement of 
cells Cytoplasm coarsely granular, no vacuoles Pigment granules abundant 
in lner cells 

Rabbit 8 (Fig 6) — Weight 1,800 gm , received 014 gm quinin (0077 gm 
per kilo) , killed twenty -four hours after injection Cells have lost their cord- 
like arrangement Enlarged liver cells, from three to four times normal m 
size Cytoplasm coarse granules packed at the periphery of cells Clumps of 






Fig 2 (Rabbit 3) — Section showing dilated sinusoids and narrowed cords 
of liver cells 



Fig 3 (Rabbit 4) — Section showing vacuoles in the cj'toplasm of many cells 
(hydropic degeneration 5 ) 






Fig 4 (Rabbit 6) — Section showing finely granular cytoplasm containing 
vacuoles of various sizes (fatty vacuoles'*) 








Fig 6 (Rabbit 8) — Section showing extreme degenerative changes in the 
cytoplasm of the cells 



Fig 7 (Rabbit 11) —Section showing degenerative changes in the cytoplasm 
of the liver cells 
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cytoplasm within the cell Nuclei, many show pyknotic changes Sinusoids, 
difficult to distinguish The endothelial cells have been pushed together by 
the enlarged liver cells Pigment granules not present 

Rabbit 9 — Weight, 2,000 gm , received 0 12 gm quinin (006 gm per kilo) , 
killed twenty-four hours after third injection Same as Rabbit 8 

Rabbit 10 — Weight, 1,380 gm , received 0 12 gm quinm (0 087 gm per kilo) , 
killed twenty-four hours after third injection Cells retain their cordlike 
arrangement to some extent Enlarged liver cells, from three to four times 
normal in size Cytoplasm, coarse granules beginning to clump at the periphery 
of the cell Nuclei, normal Sinusoids, variable , normal in some places and 
difficult to distinguish m others Pigment granules present Although treat- 
ment was the same as in Cases 8 and 9, this liver was not as markedly affected 
by the quinin 

Rabbit 11 (Fig 7) — Weight, 1,450 gm , received 012 gm quinm (0 082 gm 
per kilo) , killed 120 hours after last injection No definite cellular arrange- 
ment Enlarged liver cells (compare with Fig 6) Cytoplasm, coarse granules 
packed at the periphery of the cells Nuclei, show pyknotic changes Sinusoids, 
not visible due to the enlarged liver cells Pigment granules, not present 
Rabbit 12 — Weight, 1,640 gm , received 0 12 gm quinin (0 073 gm per kilo) , 
killed 120 hours after last injection Same as Rabbit 11 

Rabbit 13 — Weight, 1,720 gm , received 0 12 gm quinin (0 064 gm per kilo) , 
killed 120 hours after last injection Same as Rabbit 12 


TABLE 1 — Summary of All Protocols 
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DISCUSSION 

One intravenous injection of quinin hydrochloric! produced a gradual 
progressive change m the liver tissue, followed by a slow recovery At 
first, there is noted more or less marked active hyperemia Within 
twenty-four hours, the liver cells show some mild hydropic changes m 
the cjtoplasm In forty-eight, this has progressed to a fatty degen- 
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eration of the cytoplasm Apparently, this is the end result and repair 
commences to take place Ninety-six hours after the injection, the 
liver is practically normal again, as far as we can determine 

However, when the animal receives more than one injection of 
quinm hydrochlorid, the effect is much more severe The liver cell 
enlarges and become three or four times the size of the normal cell 
All definite cellular arrangement is lost Cytoplasmic changes are 
iery marked, resembling a granular degeneration Even the nuclei 
are affected and pyknosis is common Sinusoids cannot be made out in 
many of the sections The poor blood supply which the cells conse- 
quently receive may account for some of the degenerative changes 
It is to be noticed that injection of quinin at twenty-four and ninety- 
six hour intervals apparently gives much the same result 

Quinm hydrochlorid administered intravenously m moderate doses 
to healthy rabbits produces degenerative changes m the cellular elements 
of the liver 

II EFFECT OF QUININ ON THE NUMBER OF BLOOD CORPUS- 
CLES PER CUBIC MILLIMETER 

Matei ml and Method — For these experiments rabbits 7, 8, 9 and 
10 were used Amounts of quinm injected are listed in Table 1 Red 
and white cell counts were made immediately before and 24 hours after 
injection of quinm, except rabbit 7, on which counts were made five, 
twenty-four and ninety-six hours after injection A differential count 
was made before and after injection, but there were no variations 
from the normal and details are therefore omitted from this report 
(Table 2) 


TABLE 2 — ErFECT of Quinin on Blood Cell Count 
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10 

0 0S7 
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6,625 | 

I 5,9S0,00O 
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Summary — Within five hours after an injection of quinm we 
observe an increase m the number of blood cells per cubic millimeter 
The increase in leukocytes is neaily proportional to the increase m red 
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blood cells, as would probably be the case if the polycythemia were 
due only to a loss of plasma In spite of the changes observed in the 
liver, there is no change in the differential count of the leukocytes 
This is persistent for the next twenty-four hours, and then declines, 
so that ninety-six hours after the injection the count approaches the 
normal However, after repeated injections the blood count remains 
high 

III EFFECT OF QUININ ON THE URINE OUTPUT OF 

RABBITS 

Rabbits 11, 12 and 13 were used Details of injection were as 
shown in Table 1 The animals were fed and watered routinely 
They were placed in separate cages especially constructed to facilitate 
the collection of urine with very little loss or evaporation The urine 
of each animal was collected for four successive days before the injec- 
tion then for four successive days after the first injection and for five 
successive days after the second injection (Table 3) 


TABLE 3 — Effect of Quinin on Urine Output 
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Injection of quinin into rabbits produces an immediate and con- 
siderable increase in the output of urine This persists for a day or 
two and gradually decreases Repetition of the injection produced a 
similar effect 

SUMMARY 

Qumin liydrochlorid, administered intravenously, in moderate doses, 
to healthy rabbits, apparently produces the following results 

1 Progressive degenerative changes m the liver cells which increase 
with increasing dosage 

2 A moderate transitory polycythemia rendered persistent by 
repeated dosage 

3 Polyuria 

We wish to express our thanks to Dr A D Hirschfelder, Director of the 
Department of Pharmacology, for helpful suggestions and criticism during the 
progress of this work 






























PULMONARY BOTRYOMYCOSIS 

REPORT OF A CASE 
F A McJUNKIN, MD 

ST LOUIS 

Botryomycosis is known to vetennarians as a pedunculated fibrous 
granuloma of horses especially The growth usually arises in connec- 
tion with skin surfaces, and often in the cut spermatic cord following 
castration However, m the first description of the condition by Bol- 
linger 1 m 1870 an internal organ, the lung of a horse, was the seat of 
the disease In 1897, Poncet and Dor 2 identified the infection m a 
woman m a small growth on the palmar surface of the hand Although 
human cases have been reported from France, Italy and Switzerland, 
it has been observed most commonly in northern Africa and m Morocco 
where it is said to occur as commonly as actinomycosis 

The gross lesions consist of abundant chronic granulation tissue 
which is not especially characteristic but which on microscopic exami- 
nation reveals granules made up of coccus-hke organisms embedded in 
and surrounded by a hyaline matrix In the chronic inflammatory lesions 
described as granuloma pyogenicum or pseudobotryomycosis, these 
characteristic “botryomycotic granules” are not present 

In 1913, Opie 3 studied a case of hepatic botryomycosis in a gnl, 
11 years of age, which is the first human case with involvement of an 
internal organ, and appears to be the only instance of the disease m the 
United States In this lemarkable case a large part of the liver had 
undergone necrosis with extensive scarring in some portions and with 
formation of abscesses containing the characteristic “botryomycotic 
granules” m others According to Opie, veterinarians m Missouri and 
nearby states have seen the disease m horses, while reports indicate that 
it is uncommon on the Atlantic coast 

In 1914, an article on botryomycosis with a review of the literature 
to that date was published by Margrou, 4 who v r as able to reproduce m 
the testicle of guinea-pigs spherical masses of staphylococci analogous 
to the “botryomycotic granules” by injection of measured quantities of 
this organism The conclusion reached by him is that the zooglea-hke 
hyaline matrix m which the organisms are embedded, and the peculiar 

1 Bollinger Virchows Arch f path Anat 49 583, 1870 

2 Poncet and Dor Lyon med 43 213, 1807 

3 Opie Arch Int Med 11 425 ('March) 1913 

4 Margrou, quoted by Masson 
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cellulai reaction, do not signify a specific organism but a certain 
relationship between the resistance of the host and the virulence of 
the usual staphylococcus 

Masson, 5 m 1918, observed a case of botryomycosis in a gunshot 
wound with fracture of the femur The granulation tissue m which 
the typical granules are present was curetted from the sinus tract six 
months after the injury The wound, after being irrigated with surgi- 
cal solution of chlorinated soda for two weeks, was curetted and healing 
followed He concurs m the opinion expressed by Margrou m regard 
to the staphylococcus nature of the organism, and places emphasis on 
nonencapsulated masses of the organisms along the Haversian canals 
of necrotic sequestrums 

Tussan 6 7 recently observed four cases of botryomycosis of the skin 
m Morocco , he discusses them only from a clinical standpoint 

The botryomycotic granules made up of mulberry-like masses of 
gram-positive coccus-like organisms surrounded by hyaline material are 
fully as characteristic as the “sulphur” granules of ray-fungus infec- 
tion, and the histologic diagnosis of botryomycosis is certain and easy 
Two views are held m regard to the organism, many regarding it as the 
usual Staphylococcus pyogenes aweus, while others express the opinion 
that it is a specific coccus Cultures made fiom the lesions by the 
difterent observers on the ordinary media have usually given a growth 
quite like that yielded by the staphylococcus 

Especial interest attaches to the case here reported because of its 
occurience m the same community from which a previous one with 
localization m an internal organ was reported 

REPORT OF CASE ' 

A male infant, four months of age was admitted to the St Louis Children’s 
Hospital, Sept 15, 1920 The father is a painter The father, mother and other 
members of the family have been well during the life of the child, and there is 
nothing in the family history to indicate the source of the infection 

The child was born at home and nursed the mother for three months during 
which time it remained well It has been on various artificial foods since 
being weaned and has had diarrhea at times 

The baby has always had a hacking cough which has been much worse during 
the past six weeks About three weeks ago it had a high fever which con- 
tinued for one week 

Clinical Evaminahon — The temperature was 992 F, respiration 50 The 
baby seemed quite lively and cried continually in a loud voice There was a 
papular eruption over the shoulders which was probably miliariasis 

There was an impaired percussion note over the entire right side and the 
breath sounds were suppressed and accompanied by fine crackling rales, with 


5 Masson Ljon Chir 15 230, 1918 

6 Tussan Ljon Chir 15 241, 1918 

7 The clinical history I have been permitted to use by Dr Williams McKim 
Marriott into whose sen ice the case w r as admitted 
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suppressed breathing posteriorly over the left chest Impression was that of a 
beginning bronchopneumonia or of an old process clearing up Examination 
of heart, abdomen and extremities, negative 

Cluneal Com sc — September 18, the baby had a distressing cough bringing 
up a seromucous secretion The temperature remained low Leukocytes, 20,000 
with 62 per cent neutrophils September 23, the lungs showed everywhere 
medium sized crackling rales The low temperature is certainly peculiar with 
so much in the lungs 

October 6 it was evident that the patient was steadily growing worse 
Glucose and saline solution were given intravenously The temperature only 
occasionally reached 101 F The lung process had been very peculiar all 
along — many signs with little temperature elevation It had been considered 
of probable tuberculous origin by everyone Von Pirquet test was repeatedly 
negative 

The child continued to grow worse and died October 8 



Fig 1 — A low power photomicrograph to show the areas of bronchopneu- 
monia in which are the dark-staining “botryomycotic granules ” 


REPORT OF NECROPSY 

The body is that of a poorly nourished male infant weighing 2 610 gm 
There is slight rigor mortis, no lividity and no demonstrable edema, necropsy 
three hours postmortem 

The peritoneal cavity contains 200 cc clear fluid The stomach and upper 
portions of the small intestine are greatly distended with gas 
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Gross examination of the organs other than the lungs shows nothing defi- 
nitely abnormal The myocardium has a slightly jellowish tinge suggesting 
some deposition of fat The spleen is firm in consistency and the lymph 1 
nodules may be distinguished The mucosa of the small and large intestines 
shows nothing unusual The pancreas, kidneys, adrenals, gemto-unnary organs 
and aorta appear normal 

Lungs Each of the lungs weighs 40 gm On the pleural surface of both 
lungs there are centimeter areas of a dark bluish color most of which are 
somewhat depressed below the surrounding pleural surface These are present 
in all lobes but are most conspicuous in the posterior portions of the right 
lung On section these irregular areas appear to be airless The bronchi 
when cut across exude a mucopurulent material distinctly slimy in character 
The peribronchial lymph nodes are not especially enlarged 



Fig 2 — A medium power photomicrograph of a pneumonic focus containing 
two foreign-body giant cells, one incorporating organisms, the other without 
organisms 


Histologic Examination — The lesions in numerous sections taken from vari- 
ous parts of the lungs are much alike and consist of areas in which the air 
sacs are collapsed (atelectasis), and of a bronchitis which in many places 
involves the entire bronchial v r all and extends into the surrounding alveolar 
sacs (Fig 1) Even with low magnification the latter lesion is quite different 
from the usual type of bronchopneumonia owing to the presence of giant cells 
of the type seen in tubercles and of peculiar dark masses which consist of 
gram-positive coccus-like organisms embedded in a hyaline eosin-staining 
matrix In some instances both within the bronchi and outside giant cell forma- 
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tion (Fig 2) has taken place about the groups of organisms so as completely 
to surround them In Gram-Weigert stains, where the relation of organ- 
ism and zooglea-like matrix appears to the best advantage, some of 
the groups are seen to be surrounded by a rather wide zone of hyaline sub- 
stance the periphery of which is regular or forms small radial projections, 
others lie free between the cells with little indication of hyaline about them 
However, a small amount of pinkish background is seen about some of the 
groups of a half dozen or more micro-organisms (Figs 3, 4 and 5) 

The exudate in the alveoli and bronchi consists of endothelial leukocytes 
and neutrophils in about equal numbers Many of the former have abundant 



Fig 3 — Photomicrograph of “botiyomycotic granules” Zeiss 3 mm apo- 
chromat objective and 8 X compensating ocular Certain ones of the spherical 
organisms embedded in hyaline are in focus, about the entire mass leukocytes 
are fusing to form a giant cell 


cytoplasm with fat vacuoles, some have ingested neutrophils, and others ha\e 
fused to form foreign body giant cells In the bronchial exudate and m the 
alveolar sacs there are comparatively few cells of the lymphocytic series but 
the bronchial walls are the site of an extensive lymphocytic infiltration In 
places the epithelium of the bronchi has undergone necrosis and disappeared 
with extension of the inflammatory exudate into the surrounding air cells 
The submucosa of the bronchi is heavily infiltrated with lymphocytes and 
plasma cells There are granular foci m the exudate within the bronchi in 
which most of the leukocytes have undergone necrosis The alveolar epithe- 
lium in the pneumonic areas is intact even m alveoli greatly distended with 
exudate 







Fig 5 — Although the homogeneous capsule which lies between the dark mass 
of organisms and the cells is not stained intensely, it is quite distinct 
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The Grain slam of smears of the bronchial exudate made at the time of the 
necropsy shows further details in regard to the organism The larger masses 
of the coccus-like organism arc embedded m and fiequcntly encircled by the 
In aline matrix but smaller groups of a half do7en or more often have none 
of the pink-staining substance about them There is considerable variation in 



1'ig (> — Photomicrograph of the organisms m a Gram stain of a smear 
of bronchia! c'tulatc Zens 2 mm apochromat objcctnc and SX compensat- 
ing ocular '1 hret small groups of the organism in one of which the hyaline 
has been situ ired out on one side and stains positively 


— 1 — 1 — i 



7 — A group of the organisms from a part of the sincai in which there 
appears to be a delicate positive!} staining capsule about each unit of 
the group Magnification and staining are the same as m Figuie 6 


sire and many are less than one-half the diamctci of those embedded m the 
matrix Gioups of two, four, six and eight predominate, and fiequently the 
pairs present a coffee-bean appearance There are a few' chains, the longest 
consisting of about tw'enty-four units In some of the small groups the 
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hyaline is distinct and about the individual organisms in portions of the smear 
there are regular pink-staming capsules contrasting with the purplish and 
more heavily staining organism (Figs 6 and 7) 

Microscopic examination of the other organs reveals no lesions of evident 
importance The heart, spleen, stomach and liver are normal In the mucosa 
of the intestine there are small collections of plasma cells and an occasional 
epithelial cell is necrotic and invaded by leukocytes There is a moderate 
edema of the kidney with hyaline casts in the tubules In the mtima of the 
aorta opposite the intercostals the collagen is pushed apart by a small amount 
of granular material and in this there are a few migrating endothelial 
leukocytes 

Cultures on blood agar plates made from the bronchial exudate gave a 
heavy growth of gram-positive cocci which presented the usual appearance of 
staphylococcus albus Nothing unusual was suspected at the time of necropsy, 
and unfortunately the cultures taken had been discarded when the lesion was 
identified from the sections of lung Smears and sections of the lung stained 
by the Ziehl-Neelsen method show no acid-fast bacilli 

SUMMARY 

W ith the pulmonary symptoms predominant at the beginning of the 
disease and persisting for several weeks in such a manner as to suggest 
pulmonary tuberculosis, one is led to think that this case was a primary 
bronchopneumonia which terminated fatally It is not perfectly clear, 
however, that this was the sequence of events 

The histologic lesion is that of a typical granuloma and is one not 
encountered in infections with pyogenic cocci commonly examined 
microscopically The zooglea-like matrix likewise is unique The 
appearance of the delicate circle of hyaline material about individual 
organisms which stains positively and is not a retraction zone suggests 
a true bacterial capsule and, if confirmed by further observations, 
especially in connection with animal inoculation, would indicate a 
distinct species of capsulated coccus 

In conclusion I wish to express my indebtedness to Dr EL Opie who 
brought to my attention the lesion present in his case and to Dr H H Bell 
for an examination of the cultures 



IDIOPATHIC PURPURA WITH UNUSUAL 

FEATURES 


ARTHUR S ROSENFELD MD 

I'Oim \M), OKI 

Mam authorities ictuse to leg.ud pm pm a as a disease entity and 
consider it mcieh as a manifestation of some othei disease Its 
extreme iaiitr is evidenced b\ the fact that at the Massachusetts Gen- 
eial Hospital theie weie onh sixtv-fom e.ises in 15s. SS4 medical and 
‘•urgic.il admissions, at Johns Hopkins Hospital theie weie forty-one 
cases m 18 5^4 medical cases and at the Hamburg Geneial Hospital 
tliere were sc\entv-threc cases in 100,000 admissions, B Ramwell 1 2 3 4 5 6 
saw sixteen cases among 5 2^6 ward patients In his table of 258 
cases of all kinds of pur put a lifn-fout weie primary and showed 
at tin ills 

In looking o\ei the litciatme ot pur pin a, it is difficult to find ant 
mention of familial tendencies m this disease In tact, familial ten- 
dencies ha\e been used as a point against pui pm a m a chfteiential diag- 
nosis from hemophilia, so laielv .lie the) found Theie are, how r e\ei, 
a few instances icpoited to which we must add that of the tw ? o biotheis 
m this pajiet Cousin - describes a famiK m which the disease occuned 
in tluee diffcient hi .inches \ case is described h) Dohin in which 
purpuia was tiansmitted fiom the mother to hei new-born child 
Occurrence of the disease in tluee sistcis is reported by Foistei 
\\ agnu reported a case of clnonic pin pui a m w'hich paternal uncle 
of the patient died of acute purpura hcmorihagiea Bauei also 
describes familial tendencies to a purpuric diathesis occunmg in seveial 
memheis at a certain age The occuiicnce of these famihal cases of 
purpura i.ithei speaks foi the disease as a definite entity It would 
seem that theie is in certain families an inherent weakness of the geim 
plasm which manifests itself eithei m a deficiency of blood platelet 
formation oi in a primal y vasculai degeneration, oi in both these 
factois (Duke,’ Wright and Kennicutt, 1 Deny and Ledingliam/’ and 
I less ,! ) 


1 Branutll Clinical Studies 3 325, 1905 

2 Cousin Ann dc med ct clnr enf 17 (Oct ) 1913 

3 Duke, W W Arcli lot Med 10 445 (Nov) 1912 

4 Wright, J II, md Kennicutt. R T A M A 58 145 (May 20) 1911 

5 Lcrlingliam, I O G Lancet 1 1673, 1914 

6 Hess A F Pioc Soc Expci Biol &. Med, 1917 
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REPORT Or CASES 

Case 1 — Nelson C, aged 11, schoolboy, born m Canada 
Family Htstoiy — The family history is entirely negative, there being no 
history of any similar ailment on either parental side, with the exception of 
the patient’s brother whose case is reported later The father and mother enjoy 
excellent health As far back as they can trace, there has never been a bleeder 
in the family or anyone with hemorrhagic tendencies 

Picvious FListoiy — This boy was born normally at full term He developed 
normally up to the sixth year after having passed through attacks of measles 
and whooping cough at the age of 1 year He had mumps and scarlet fever, 
complicated by otitis media, at the age of 6 During the whooping cough lie 
would often have epistaxis with paroxysms of coughing but this always stopped 
promptly and there was never noticed any delay in the clotting of Ins blood 
The child has been brought up m good surroundings and has had at all 
times a healthful mixed diet with abundance of fresh vegetables and fruits 
Piesent Illness — The present illness began about four years ago with a sud 
den attack of pain in his elbows They became swollen, stiff and extremely 



Fig 1 — Elbow joint (Case 1) with area of rarefaction in olecranon process, 
enlargement of epiphyses of humerus and radius, and roughening of medial 
articular surface 

tender but not reddened A similar condition later attacked his knees and from 
then up to the present he has never been entirely free from trouble in some 
joint, although the knee joints have been the mam sufferers There has been 
little, if any, fever with the attacks The swellings appear quite suddenly and 
appear to distend the tissues about the joints until they are tense and so 
tender that the merest touch causes excruciating pain At first they subsided 
rapidly and seemed to leave the joint no worse for the attack, but of late the 
knees have become stiffened and somewhat flexed Simultaneously, the mother 
noticed that the child “bruised easily” and showed occasional small hemor- 
rhages into the skin Also on several occasions there would be a sudden swell- 
ing, discoloration, hardness and tenderness of the calf muscles The boy has 
neier had am imolvement of the toes, hips, shoulders, sternoclavicular or 
temporomaxillary joints There is no historv of hemorrhage from the gums, 
nose ears kidneys, hois els or stomach His blood clots normally after injury 
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and he scans normal in even othei wav, except that he has always been pale 
\\ ith the exception of the pains m the joints he has no complaints whatever 
P/nutal Examination — Ibis reveals a normal sired boy, pale and with a 
ptilhness of the e\elids The conjunctiva and mucous membrane of the mouth 
are free of petecluac The fundi aie both clear There are shotty posterior 
eervical and inguinal glands The lungs arc clear * The heart is negative, 
except for a loud svstolic murmur ovei the pulmonic area The liver, spleen 
and kidnev s are not palpable The abdomen is negative The interest centers 
in the joint condition, especiallv that of the knee joints There is great mus- 
cular atrophy of both legs emphasising the enlaigement of the knees The legs 
are held ilexed 1 he knee joints are both distended, and there is a thickening 
ot the peri-articular tissues Riding of the patella is demonstrable The skin 
over the knees and on the right side, extending down the back of the leg, 
is tense and ot a bluish-yellow hue due to old blood extravasation The right 
knee is extremely tender There is limitation of motion No crepitation can 
be elicited The right gastiocncmius muscle is tense, tender and hard resem- 
bling the so-called scorbutic scleroderma The skin shows a few small purpuric 
spots with several larger subcutaneous hcmoiihages m the various stages of 
ihsorption and discoloration These are mainly m the forearm, elbow and thigh 
labonifoty Examination — Blood examination shows hemoglobin, 45 per 
cent red blood cells 4 000 000 leukocvtcs, 5,600 DifTeiential count normal 



1 ig 2 — Knee joints in Case 1, anteropostci 101 and lateral views 

I lie red blood cells show amsoev tosis, poikilocy tosis, stippling and poly- 
ehiomatophilia The blood platelet count is 98,039 per c mm The coagulation 
tunc is no rm.il I he bleeding tunc is piolongcd to ten minutes instead of being 
trom one to three minutes 

I he urine is completely negative The von Pnquet tuberculin test and the 
\\ assermann test are both negative 

Cxst 2 — Clarence C, aged 15, schoolboy, born m tins country A bi othei 
of the patient reported m Case 1 His complaint was “sore elbows” 

Picv'oitt Ihstoty — He was born normally at full term and developed noi- 
mallv Had attacks of measles, whooping cough, scat let fever and mumps 
Had an attack of jaundice at the age of 5 He had no other acute illness of 
am kind, and his general health lias been good It was noticed that lie 
• bled easily and freely” on the slightest provocation but no delay in the clotting 
of lus blood was ever present Foi instance, on changing altitude, he would 
suffer with epistaxis, although the changes were not gicat enough to affect the 
ordinary person 

Pusait [llitas — Ills picsenl illness dates fiom the age of 5 when he had 
his first attack of joint tiouble This ccnteicd in both ankles, which sud- 
denly became swollen and tender This condition cleared up rapidly only to 
reappear after a shoil interval and then the knees were smnlaily affected The 
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patient was unable to walk He suffered with these attacks up to the present, 
although lately they have become less frequent and less severe For the past 
three years the attacks have been confined to the elbows and he is able to 
walk without any difficulty whatever On one occasion, a diagnosis of purulent 
arthritis was made and a knee joint was aspirated Bloody serum was obtained 
The boy bruised easily and often had large hemorrhages under the skin He 
never had an attack of extensive purpura nor was there ever spontaneous 
oozing from the gums Six weeks ago he had an attack of severe colicky pain 
in the right side in the costo-vertebral region radiating downward and for- 
ward over the bladder To use his words, he “felt something pop inside” and 



big 3 — Knee joint of Case 1, lateral view, showing definite aiea ot osteo- 
porosis in epiphysis of femur with undue enlargement, thickening of soft 
structures of the knee joint, commonly seen in repeated blood effusions Con- 
djlar surfaces are rougher than is the case in normal persons 

then he felt a hot flush through his stomach ” Shortly after he noticed that 
his urine was bloodj and stringy As soon as he began to jiass the blood the 
pains subsided somewhat This attack lasted for three days The urine became 
clear and the pain disappeared A similar attack appeared four days ago m 
the lett side The boj’s mother noticed no blood in the urine m this attack 
which was less severe than the previous one A microscopic examination, how- 
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t\cr, showed the picsencc of red blood cells In neither attack was there 
am purpui a nor did the bov show' anj melena There was no nausea or 
vomiting nor was there ail) exacerbation of his joint symptoms There have 
been no other svmptoms ot am importance 

Plnsual Examination — On plnsical examination, we find a bright, normal 
si/cd well-nourished bov He does not appear to be anemic The head is 
entirelv negative The eves show no petccluae The fundi are cleai of any 
hemon Iiages Mucous meinbianes are noimal The gums are healthy and 
the teeth are excellent Theie is slight gcncial glandular enlargement The 
tonsils aic negative The heart and lungs are clear The abdomen shows no 
ibnormalitv There is marked left costovertebral tenderness piescnt Tbc 
liver ktduevs, gallbladdci and spleen aie not palpable The skin show's a few 
larec brown and blue bimses, one ovei the light eve and one near the left 




1* ig 4 —Knee joint of Case 1, anteioposterioi view showing small well 
defined aiei of rarefaction in epiphysis of tibia The epiphyseal lines and the 
shafts of the bones are normal 

elbow 'I here aie a few smaller puipmic spots in the skin of the left foiearm 
Jlieie are no hcmoirhages m the muscles 

As in the first case, the lntei esl centers m the joint condition The left 
elbow is the scat of an acute process The joint is vciy much cnlaiged and 
discolored but not especially tender The bony landmaiks aic almost obliterated 
bv the effusion into and the distention of the joint capsule The olecranon 
process shows as a depiession between two large fluctuating bulging sacs 
There is limitation of motion m this joint Both knees are cnlaiged due to a 
pcri-articulai swelling and thickening but they are not tendei, there is no limita- 
tion of motion nor is theic any sign of an efiusion at piesenl There aie 
scars over both knee joints at the site of the picvious aspnation All the other 
joints aie normal 
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Blood Examination — Hemoglobin, 85 per cent , red blood cells, 4,900,000, 
white blood cells 6,600 Differential count, normal The red blood cells were 
normal The blood platelet count was 204,000 per c mm The coagulation time 
was normal The bleeding tune was ten minutes The urine showed a faint 
trace of albumin with many red blood cells, the lemains of the last attack 
of colic 

The roentgenograms of the joint (Figs 1, 2, 3, 4 and 5) show, in general 
an enlargement of the epiphyses of the bones with well defined areas of rare- 



big 5 — Elbow joint of Case 2 showing roughening of humero-ulnar articulation 

taction, small roughening of the articular surfaces, as in osteo-arthritis , and 
m the knee joint, a definite thickening m the soft structures of the joint such 
as one sees m bloody joint effusions 

Clinical Com sc — The two patients weie seen aftei an interval of seventeen 
months’ army service The jounger brother had had at least one attack of 
joint trouble a month during this period He had also had one se\ere heina- 
temesis in which he lost almost one quart of blood This occurred si>- months 
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niter therapeutic intramusculai injections of whole blood On my return, I 
loutid him with a hemorrhage undei the tongue, one under the angle of the 
kit jaw, mam purpuric spots over the sternum, shins and ankles, and a fresh 
hemarthrosis of the wrist His general physical condition v'as the same, except 
tint the urine showed albumin, casts and red blood cells 

The older bo\ seemed much improved Fourteen months after I saw lam 
he suffered a fracture of the right olecranon He did not know just how or 
when it occurred The bone united icadtly but two months later he developed 
a fresh hemorrhage in the same joint He had also had epistaxis but no bleed- 
ing into the skin, bowel, stomach or kidnej 

\ second feature of these two cases is the occunence of repeated 
hemai thiols m each instance Some e\en go so far as to doubt its 
occturence m pin put a, stating that if the aithiitic manifestations aie 
at all maiked the case should be classed as a simple pui pui a with 
ai tin His Actoi cling to McCiae 7 8 no case has been found in recent 
hteratine \\ agnei * seaiched the literature up to 1886 without finding 
a -angle case of purpura in which a large hemorrhage had occtnied 




Fig 6 — Elbow joint of Case 2 


into a serous sac Hoflman found no mention of a single definite 
instance of hemorihage into a joint in moibtts mactilosus There 
could be no doubt of their occunence in the above cases The sudden 
painful distention of the joints, the external discoloiation and sub- 
cutaneous ecchymosis of the sui rounding tissues and the result of 
ill-aduscd aspiration all go to piove the piesence of hemorihage in 
the joints The rapidity of recoveiy of normal appearance and 
function were also characteristic in the early yeais of the disease 
A thud raie featiue is the association of hemarthrosis with the 
Mscetal symptoms described undei the name of Henoch’s pui pui a oi 
puipura abdommahs In typical cases of Henoch’s purpura joint pains 
are associated with cutaneous and intestinal hemouhages and acute 
ncplnilis, often of the hemoirhagic type The aithntis, however, does 
not go on to the hemorrhagic stage Each of these tw'O patients, at 


7 McRae Osler-McRae Modem Medicine 

8 Wagner Deulsch Arch f klin Med 39 431, 1886 
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some lime m the course of lus disease, has shown one 01 both of these 
two visceral conditions in addition to joint hemorrhages Nor is 
hemorrhage into a joint mentioned as one of the symptoms of pehosis 
lheumatica by Schonlem m his original descnption of this condition 
This description, although vague, has been taken by most clinicians to 
include only those cases m which there are fever, malaise, purpura and 
erythema and joint pains Barker , 0 howevei, m his classification of the 
puipuras, states that often there is hemarthrosis in these cases of Schon- 
lem’s disease The absence of fever, malaise, erythema ana pains in 



lug 7 — Elbow joint of Case 2, postenor view, showing rarefaction in exter- 
nal condvle of humerus 

joints other than those distended by blood, definitely excludes these 
patients fiom the ^pehosis rheumatica group 

Another feature of note is the fracture of the olecranon sustained 
bv the older brother From the description of the patient this was 
in all likelihood a spontaneous or pathologic fracture m the neighbor- 
hood of a joint that had been the seat of a hemorrhage If one bears 
in mind the pathology of this disease, especially with regard to the 


9 Barker Monographic Medicine 3 p 239 
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rarefaction it effects m the bone substance, it is quite conceivable how 
this might happen It might be well, therefore, to consider purpura 
as a possible etiology for pathologic fractuie 

From a perusal of the literature and a consideration of these two 
cases it would seem that no strict line can be drawn between the 
various types of purpura described in our modern classification 
Morawitz considers all these diseases of the so-called idiopathic purpura 
group as being different manifestations of one and the same process 
Hoffmann, Litten and other German writers have the same view of the 
primary purpuras, classing them all as “morbus maculosus Werlhofh” 
of varjmg degrees of severity In this group are (1) pinpitra sim- 
ple . 1 , with hemorrhages in the shin and subcutaneous tissues, (2) pw- 
pwa hcmoi i hagica with hemorrhages of the skin and mucous 
membranes, (3) pchosis ihcumattca with cutaneous hemorrhage 
erythema and joint disease, (4) pwpuia abdommalis, with cutaneous 
and intestinal hemorrhages and joint pains, and (5) pm pin a fuhmnans, 
with cutaneous hemorrhages which run a rapid and fatal course 

The cases here reported partook of features that might allow them 
to be put in any of the above type, except the last 

The pathology of this condition, when the hemorrhage has been 
repeated often, is quite interesting Our knowledge of it has been 
gained by roentgen-ray study of the living subjects, by operations and 
bj a few necropsies m cases that have succumbed to intercurrent con- 
ditions The hemorrhages occur most often in the knee joint, as 
trauma is most actne here, although other joints may be affected simul- 
taneously 

Following a slight blow or often spontaneously, there develop signs 
of acute joint affection wutli joint effusion The condition may stop 
here, the effusion be absorbed and the joint heal without change This, 
according to the description of Konig, 10 is the primary stage of the dis- 
ease If the effusion persists — secondary stage — it goes on to an inflam- 
mation with a fibrinous effusion as in the ordinary tuberculous “white 
swelling ” This condition it simulates almost perfectly, but the roent- 
gen-ray will show that the bone is not involved and that the process is 
confined to the soft parts of the joint (Love, 11 Carless 12 ) In this 
stage, synovial villae are present as w r ell as defects m the joint car- 
tilages, the changes resembling closely those seen in arthritis deformans 
or osteo-arthntis The roentgen ray shows changes m the epiphyseal 
lines winch are zigzag and have a worm-eaten appearance The con- 
dylar outlines arc not sharp The capsule shadow is darkened There 

10 Saminl klin Vortrage, N F, Leipzig 36 233-242, 1892 

11 Keen’s Surgery 2 p 362 

12 Practitioner 70 85, 1903 
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is bone atrophy with rarefaction of the condyles Mankiewicz 1S 
questions whether this is a true osteoporosis or a retrogressive meta- 
morphosis in the architecture of the bony trabeculae If hemorrhage 
occurs in a joint often enough, Konig describes a third stage in which 
there are contractures, bone and joint changes, thickening of all the 
periarticular structures and even ankylosis Ponfick also has described 
hemorrhages into the bone-marrow Bowlby 14 thinks these cases 
resemble osteo-arthritis far more closely than is generally acknowledged 
He cannot explain the nodular outgrowths of cartilage, new bone forma- 
tion, fibrillation of the cartilage matrix and the formation of adhesions 
all as a result of blood extravasation The attacks, he states, are 
different than those exhibited by a healthy patient who is suffering 
from a traumatic hemarthrosis He thinks that many bleeders have 
a special tendency to attacks of acute arthritic' inflammation which very 
closely resemble those of the more severe forms of osteo-arthritis 
Barker 15 states that the condition also resembles luetic arthritis 

SUMMARY 

Two cases of lodiopathic purpura are described with the following 
unusual findings 

1 They showed a familial tendency 

2 Repeated joint hemorrhages occurred in both patients 

3 There was an association of joint hemorrrhages with the symp- 
toms of Henoch’s purpura 

4 Spontaneous fracture occurred in one case 

13 Mankiewicz Berl klin Wchnschr 76 2174, 1913 

14 Bowlby St Bartholomew Hosp Rep , London 26 77, 82, 1890 

15 Barker Monographic Medicine 4 p 95 



THE PRESENT STATUS OF CARDIODYNAMIC 
STUDIES ON NORMAL AND PATH- 
OLOGIC HEARTS «” 

CA.RL J WIGGERS, MD 

CLLVI LAND 

The experimental or clinical inv estigator who essays to study circu- 
latory problems that directly concern vital phases of medicine is fre- 
quentlj handicapped because certain fundamental data, which are the 
ke) to the interpretation of these problems, are not included in our stock 
of general information It is desirable, therefore, first to review briefly 
'ome recent experiments which, I believe, help to clarify our under- 
standing of the normal conti action processes in the heart This accom- 
plished, the laws which govern cardiac behavior will be analyzed 
Finally, an effort will be made to see how far these laws may be applied 
in the interpretation of pathologic conditions with which we are con- 
fronted m the clinic 

I THE FOND V MENTAL MEC1I \MSMS OT THE HEART R \TE 

The Physiology of Am iculm Systole — The cardiac cycle is generally 
described as consisting of auricular systole, followed promptly by ven- 
tricular systole and diastole It has long been known that certain 
quantitative differences exist between the contraction of the auricular 
and ventricular musculature Thus, the greater capacity of the ven- 
tricles for performing work and their longer contraction period are 
generally emphasized, even in elementary physiology Recently, evi- 
dence ha-, been adduced which indicates that qualitative differences also 
exist The ventricles receive their impulses thiough the His-Tawara 
system in such an ordered manner that all paits of the ventricular 
myocardium are virtually excited at the same time (Garten 1 , Lewis 
and Rothschild 2 ) Consequently, we may assume that the entire bulk 
of the ventricular musculature begins and ends its contraction at 
practically the same moment 

It is different in the case of the auricular contraction A few 
years ago, Lewis and his associates demonstrated that the impulses 
developed rhythmically in the sinus node, spread eccentrically over the 
atrial muscular tissues, exciting m succession each fractionate portion 

* Lecture delivered before the Harvey Society, New York City, Dec 11, 1920 

1 Garten Skand Arch Physiol 29 114, 1913, Ztsclir f Biol 66 23, 83, 1915 

2 Lewis and Rothschild Phil Tr Roy Soc London 206 181, 1915 
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of auricular tissue In this way, the more distal portions receive their 
excitation later than those poitions more proximal to the cardiac 
pacemaker 

In 1916, I presented experiments 3 which led to the conclusion that, 
a short intei val after receiving an excitation, each unit of auricular 
tissue undergoes a brief fractionate contraction lasting about 006 
second and then relaxes — an interpretation that has recently been con- 
firmed by Lewis and his co-workers 4 Auricular systole begins with 
the first fractionate contractions near the sinus node, and ends when 
a balance of the fractionate relaxations and contractions causes no 
further deciease in the length of the entire auricle Since the frac- 
tionate units excited first begin to relax during mid-systole, the pressure 
m the auricles and large veins rises only during the early half and 
decreases during the latter half of auricular systole We may therefore 
divide auriculai systole into (a) a dynamic phase, during which blood 
is injected into the ventricles and (b) an inflow phase, during which 
some blood actually flows into the auricles from the central veins 

The Consecutive Phases of the Ventnculai Cycle — In order to 
interpret the dynamic mechanisms of the ventricles, it is sometimes 
desirable to subdivide their periods of systole and diastole into shorter 
phases In doing this, synchronous pressure curves recorded by opti- 
cal manometers from the cardiac chambers and aorta, together with 
ventncular volume curves, are of great assistance 

While it would be tedious to describe, even superficially, the appara- 
tus and technic required foi lecordmg pressure and volume changes 
accurately, the principles of such apparatus can be outlined in a few 
words 

Suppose (Fig 1) that small chambers, A, B and C, filled with 
fluid and covered by very tensely drawn rubber membranes, are inserted 
through the auriculai and ventricular walls and into the aorta Each 
membrane will then respond to every pressure variation by a micro- 
scopic movement This can be magnified and rendered visible by 
reflecting a narrow band of light from a small mirroi fastened to the 
rubber By allowing these beams to focus on a film (D) moving in a 
specially constructed camera, a true picture of the pressure variations 
can be recorded 

In order to record the volume changes of the ventricles, they are 
slipped as far as their a-v junctions into a glass oncometer covered 
by a rubber diaphragm in which an opening, corresponding m shape 
and si7e to the a-v ring, has been cut This oncometer is connected 


3 Wiggers Am J Physiol 42 133, 1916, 40 218, 1916 

4 Lewis, Fell and Stroud Heart 7 131, 1920 
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w ith a large recording tambour When blood is expelled and the ven- 
tricular \olume decreases, the volume of air in the tambour is reduced 
by a corresponding amount, and the tambour lever falls When the 
volume of the ventricles, on the other hand, increases as blood flows in 
during diastole, the lever rises By connecting the interior of the large 
tambour with an optical segment capsule, the very slight pressure varia- 
tions which correspond to the volume changes may be projected and 
recorded optically (Henderson 5 6 , Wiggers c ) 

While the conformation of such volume and pressure curves alters 
under different experimental conditions and varies also in different 


D 



Fig 1 — Schematic representation of principles employed to record pressure 
curves optically from auricles (A), ventricles (C) and aorta (B) D, sensitive 
photographic surface Description m text 

animals examined, their general character and the time relations are 
represented fairly well by the curves shown in Figure 2 A careful 
study of many kilometers of such records obtained from over 200 dogs 
under a large variety of experimental conditions, together with a 
careful consideration of similar dynamic studies carried out by Garten, 1 
Piper, Straub 7 and C Tigerstedt, have led me to interpret and sub- 
divide the ventricular cycle as follows At the onset of ventricular 
systole (Fig 2, I) the pressures within the auricle and ventricle are 

5 Henderson and Collaborators Am J Physiol 16 325, 1906, 23 345, 1909 

6 Wiggers Circulation in Health and Disease, 1915, Phil , Lea & Febiger 

7 Straub Deutsch Arch f klin Med 115 531, 1914, 116 409, 1914 
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appioximately equal At this time, as indicated by the experiments of 
Dean, 8 the a-v valves are in the act of floating into apposition As 
Henderson and Johnson 9 suggest, this movement probably is initiated 
by the sudden cessation of the jet when the peak of the presystohc 
amicular wave is reached The first elevation of intraventricular pres- 
sure firmly closes these valves, and the ventricle then contracts m an 
absolutely isometric fashion This first phase of ventricular systole, 



1 II III I VV VI VII VIII 


Fig 2 — Superimposed curves of pressure changes in ventricle (heavy line), 
aorta (upper dotted line), and auricle (lower dotted line) together with volume 
changes in two ventricles (lower solid line) I-IV, systole, IV-VIII, diastole 
Detailed phases of each discussed in text 

extending from the beginning of the pressure rise (I) until the opening 
of the semilunar valves (II), is preferably designated as the isometric 
contraction phase 

As soon as intraventricular pressure exceeds mtra-aortic pressure, 
the semilunar valves open and a comparatively large volume of blood 


8 Dean Am J Physiol 40 206, 1916 

9 Henderson and Johnson Heart 4 69, 1912 
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per unit time is ejected As long as the volume ejected remains greater 
than the outflow from the peripheral arterioles, the aortic and mtra- 
\ entricular pressures continue to rise This summit (III) marks the 
end of a second phase of systole which I have designated as the max- 
imum ejection phase As soon, however, as the vo’ume of the systolic 
discharge decreases to such an extent that it no longer equals the 
peripheral outflow, the aoitic and intraventricular pressures begin 
to decline This third phase (extending to IV) may be designated as a 
phase of reduced ejection It teimmates the period of systole 

At the onset of ventricular relaxation, aorta and ventricle are still 
in communication The first event, viz , the approximation of the 
semilunar vahes, is signaled by a sharp drop in both aortic and mtra- 
\ entricular pressures (IV-V), designated as the mcisura This marks 
a fourth or protodiastolic phase of the \ entricular cycle Following 
the closure of the semilunar valves (interpreted as taking place at V) 
and until the a-\ vahes haie opened, the ventricle relaxes without 
am flow of blood eithei from or into its cavity This phase (extending 
from Y to VI) maj be designated as the isometric relaxation phase 
With the opening of the a-v valves (VI), a rapid ventricular inflow 
begins This continues until an equalization of pressure between the 
auricle and ventricle has taken place (VII), or until a subsepuent systole 
interrupts the filling This is the sixth phase, which may be designated 
as the early diastolic inflow' phase In long cycles, and w'hen auricular 
pressure is normal, a period of reduced filling or approximate stasis is 
indicated in the volume curve (VII and after), which may be desig- 
nated, after Henderson’s suggestion, as the phase of diastasis Finally, 
there may be added an eighth phase duiing which the dynamic interval 
of auricular systole (VIII) affects the filling or pressure of the ven- 
tricles This summary of the dynamic events occurring during 
\ entricular systole and diastole and the suggested subdivision of the 
periods of systole and diastole into shorter phases is schematically 
indicated m Figure 3 On the diagrams are also indicated the average 
duration of these consecutive phases recently found in animals m which 
the thorax remained intact 

II THE LAWS GOVERNING CARDIAC BEHAVIOR UNDER 
NORMAL AND ABNORMAL CONDITIONS 

Under a variety of physiologic, pharmacodynamic and pathologic 
conditions, the heart must adapt itself to an altered venous return 
and changes m arterial resistance In association with or quite inde- 
pendent of these, changes in rate and rhythm may take place Again, 
the inherent functions of cardiac irritability and contractibihty may be 
stimulated or depressed 
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When such a combination of influences unite to modify the cardiac 
mechanisms, it may become quite perplexing, if not hopeless, to analyze 
the factors responsible for the resulting cardiac behavior It is quite 
probable that this accounts for the facts (1) that “clinical hearts” do 
not always seem to conform to the laws and reactions established by 
laboiatory experiments, and (2) that they do not always react to drugs 
as do the hearts of experimental animals 

It is important, therefore, that the laboratory investigations concern 
themselves primarily with the alteration produced in cardiac behavior 
when, as nearly as possible, only one of these variable influences 
operates at a time The history of such researches has been the history 
of all investigations involving the use of complicated apparatus to 



Fig 3 — Series of pictorials illustrating the consecutive phases of the cardiac 
cycle established from pressure and volume curves The extent of the ventricu- 
lar pressure variations that have been completed at the end of each phase are 
also indicated Upper series, phases of systole, lower series, phases of diastole 

unravel the mysteries of complex functions One investigator demon- 
strates a senes of striking facts , their uniformity suggests that they 
are grounded on a common factor or principle, a theory or law of 
cardiac behavior is formulated Another investigator discovers certain 
facts which it is difficult or quite impossible to harmonize with such 
a conception The older law is apt to be considered disproven and a 
new one is formulated Rebuttal and counterchanges supported by 
new and still newer expenmental facts fill many pages of scientific 
literature until he who follows every development cannot always decide 
what to believe either m his own work or in the experiments of others 
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With the many differences of opinion regarding the fundamental 
laws controlling the functions of the heart beat, it is possible to keep 
from falling into this hopeless mental state only by bearing in mind 
that the disapproval of certain interpretations does not necessitate the 
discard of all experimental facts arrayed in its support On the other 
hand, an investigator may have established a broad principle and yet 
have failed to realize the limitation of its applicability We must 
admit, I believe, that while each new series of experiments has con- 
tributed its building stone, there still remains to be hewn out of unknown 
facts the keystone to that group of laws which regulates the heart beat 
under diverse conditions of circulation 

The Hco)t Rate as a Facto i in Conti oiling Caidiac Efficiency and 
the Lazo of Umfoi nuty of Bchavioi — In a large series of experiments, 
Henderson and lus co-workeis 5 have contributed greatly to our under- 
standing of the cardiac mechanism They have demonstrated by experi- 
ments, that to me seem not to be negatived by apparently contradictory 
lesults of other investigators, that the ventricular filling occurs chiefly 
during the earlier portion of diastole, and that, in slowly beating hearts, 
there exists a phase of diastasis during which a very giadual filling of 
the ventricle takes place They have done much toward demonstrating 
that the blood volume received by the ventricle during diastole also 
determines the amount discharged during systole They have analyzed 
how variations in ventricular tonus can modify both filling and systolic 
discharge The)' have demonstrated how, as the heart accelerates and 
the cycle shortens, the succeeding diastolic filling is encroached on more 
and more until the diastolic inflow is abbreviated and systolic discharge is 
greatly affected That this tendency of the systolic filling to be 
dcci eased as the heart accelerates is one of the fundamental compen- 
satory mechanisms which prevents an excessive minute volume from 
being discharged during rapid heart action, cannot be questioned Hen- 
derson and his collaborators maintain further, however, that both under 
normal conditions of venous return as well as during states of increased 
venous pressure, the systolic discharge cannot be further affected by the 
venous pressure change or volume of venous return, but hold that it 
is determined solely by the duration of the cardiac diastole They 
found that the volume curves of the ventncles, at any heart rate, are 
practically supenmposable on portions of a standard curve obtained 
during a slow beat This led them to formulate the “law of uniformity 
of cardiac behavior,” according to which the systolic volume discharged 
is entirely a function of heart rate as long as the venous pressure is 
at or above normal 

The stnet operation of this law has been questioned by subsequent 
investigates because it does not appear to square with other expen- 
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mental evidence In 1914, 1 10 found that systolic and diastolic blood 
pressures in man vary, independently of heart rate, which was inter- 
preted to indicate that the rate of ventricular filling in man must alter 
during normal inspiration and expiration Henderson and Haggard 11 
have subsequently attempted to nullify these experiments by showing 
that systolic and diastolic pressures, measured by the sphygmomanom- 
eter method m man, failed to increase when a person is tilted on a board 
from a horizontal to a head-down position — a procedure obviously 
increasing the venous return and auricular pressure Such experiments 
cannot be regarded as crucial, however, for, even if it admitted that 
the ordinary methods of estimating human blood pressure are suffi- 
cientl) delicate to detect small variations, the fact that their experiments 
were always attended by heart rate changes, make it quite impossible 
to lend much significance to the pulse pressure change that occurred 
On the basis of subsequent work, I am quite ready to admit, however, 
that my interpretation of pulse pressure changes during inspiration and 
expiration are more probably explained by a direct eftect of the 
changing negative pressure on the aorta itself 

The view that the systolic discharge is unable to vary independently 
of heart rate when venous pressure is increased has been disputed by 
the results of Krogh, 12 Plesh 13 and Zuntz, 14 for it is difficult to explain 
the greatly augmented blood flow through the lungs during exercise 
in any other way than by assuming that the systolic discharge increases 
above normal even when the heart is very rapid Krogh endeavored 
to show, furthermore, that such results may be harmonized with Hen- 
derson’s volume curves if one of two assumptions is made, namely, 
either that the venous supply is normally inadequate, or that some 
myocardial factor increases the vigor of systole Henderson and Bar- 
ringer 15 again investigated the question as to wheteher the accelerator 
nerves can affect the amplitude of sytolic discharge independent of rate 
— with negative results Subsequently, Starling and his collaborators 10 
re-investigated the subject by means of their “heart-lung preparation” 
and concluded that the ventricular volume curves are not superimpos- 
able Their volume curves indicated to them that when venous pres- 

10 Wiggers J Exper M , 19 1, 1914 

11 Henderson and Haggard J Pharmacol & Exper Therap 11 189, 1918 

12 Krogh Skand Arch Physiol 27 126, 1912 

13 Plesch Centralbl f Physiol 26 90, 1912 

14 Zuntz Ztschr f klm med 74 347, 1912 

15 Henderson and Barringer Am J Physiol 31 228, 352, 1913 

16 Starling and Collaborators J Physiol 44 206, 1912, 47 275, 286, 1913, 
348, 357, 465, 1914 



J V1GGERS — CARDIODYNAM IC STUDIES 


483 


sure inci eases above normal, the systolic stroke is greatly increased 
without any change in heart rate Similar conclusions have also been 
reached by Straug 7 and Socm 17 

We may inquire what changes must necessarily take place if the 
systolic discharge increases at the same time that the heart accelerates 
Obviously, such a condition is made possible only by an increase in the 
expulsion late or by a lengthening of the ejection phase Recent experi- 
ments in which I measuied the duration of systole after saline infusion 
indicate that this causes a definite piolongation of the ejection phase, 
quite independent of diastole length 

On the basis of lecent experimental work, Katz and 1 18 have 
found it necessary to conclude also that, even under quite normal con- 
ditions, the systolic dischaige of the heart may not be regulated by 
changes in the duration of cycle alone Our evidence is based on the 
following considerations Although emphasis has not been laid spe- 
cifically on the fact by Henderson and lus co-workeis, it is evidently a 
corollary of the “umfoimity of behavior law” that the duiation of sys- 
tole is fixedly i elated to cycle lengths under all conditions which 
normally produce a change in heart late As the cycle shortens from 
a very long to a \ery short cycle, the phase of systolic ejection must, 
at first, be veiy little affected but becomes progressively shorter By 
determining the theoretic systole and cycle lengths and expressing this 
as a systole sycle ratio, it was found possible to construct a curve 
of theoretical s/c iatios To this curve, the actual s/c ratios at dif- 
ferent heart rates should conform if the law of supenmposabihty holds 
good It was found, howevei, that, while the actual s/c ratios obtained 
during normal rates and during vagus beats coincided reasonably well, 
the ratios were very much below this curve when the heart rate increased 
during stimulation of the accelerator nerve 

In carrying this work still fuither, Katz and I, working independ- 
ently and by different methods, have obtained other evidence which 
indicates that during vagus slowing the periods of systole and diastole 
are also not strictly related to the length of previous diastole When, 
for example, the penpheral end of a vagus nerve is stimulated with a 
curient producing moderate slowing, systole increases in length for 
several succeeding beats, becoming stationary only when a new equil- 
ibrium has been established This occurs regardless of previous diastole 
lengths and often contrary to them After reflex slowing induced by 
central vagus stimulation, the duration of systole in a few experiments 
was longer than in peripheral vagus stimulation, even though a much 
greater slowing was produced by previous peripheral stimulation 

17 Socm Arch f d ges Physiol 160 132, 1914 

18 Wiggers and Katz Am J Physiol 53 49, 1920 
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When partial asphyxia produces cardiac slowing, the periods of systole 
may remain unchanged or even become abbreviated 

Such results indicate that while a constant relation between systole 
and diastole lengths, such as complete superimposabihty of beats 
demands, approximately obtains when a stable equilibrium has once 
been produced after direct vagus stimulation, there are other factors 
at work which more than counterbalance such a control of systole 
length 

On the basis of all these investigations, we must conclude that, 
while the systolic discharge is mechanically determined by the heart 
rate when other factors are unchanged, the simultaneous variations 
of these factors even under normal conditions prevent the beats 
from being superimposable 



Fig 4 — Diagram showing arrangement of muscle activating a work adder, 
with attachments for photographically recording tension changes and length 
changes, optically S, spring, m, small mirrors reflecting light beam to photo- 
graphic film , P Further description in text 

The Response of the Heart to Changes m Venous Return and 
Aitcnal Resistance — The response of the normal heart to changes in 
venous return and alterations in arterial resistance have been studied by 
recording both the volume curves of the two ventricles, and the pressure 
curves from the separate ventricles While such methods have their 
difficulties and drawbacks, their use has served to advance our under- 
standing of an important phase of cardiodynamics In order to grasp 
the significance of such investigations in their fullest, however, it is 
necessary to recall the nature of the contraction processes m a skeletal 
muscle which operates m a manner similar to the heart 
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It has been pointed out by Henderson that, with certain reserva- 
tions, the heart contracts as a skeletal muscle operating a work-adder 
In such an arrangement (Fig 4) the weight (W x ) which the muscle 
is required to lift is supported by the ratchet (R 15 ) and, consequently, 
weights the muscle only during contraction During the rest period, as 
well as dui mg the process of relaxation, the muscle is stretched by a 
smaller weight W 2 Obviously, the greater this weight becomes, the 
greater the length of the resting muscle This resting length of the 
muscle is referred to as its initial length When this weight increases, 
the muscle fibers are not only lengthened more but are also placed under 
a greater tension, referred to as its initial tension Changes m this 
initial tension may be recorded giaphically and evaluated by attaching 
the upper end of the muscle to a stiff spring, the very slight movements 
of which can be greatly magnified and projected (Fig 4) A muscle so 
arranged is said to be “after-loaded ” Before it can shorten its tension 
must be increased sufficiently to overcome the load W 1? i e , it first con- 
tracts isometncally Such a tension variation will be recorded by the 
upper levei a short interval before the lower lever begins to register 
a decrease m length This accomplished, the ratchet R 2 engages and 
the weight is raised during the remainder of the contraction phase 
Inasmuch as the tension dunng this phase of contraction does not 
alter appreciably, it is said to contract in an isotonic manner At the 
onset of relaxation, the ratchet lever R x engages and the relaxation 
process is assisted by the small weight W 2 

In the normally beating heart, the venous pressure represents the 
distending load (W 2 ) and determines the initial tension as well as the 
initial length of the ventricular muscle fibers, while the arterial pressure 
corresponds to the lifted load (W x ) It is clear, therefore, that changes 
in initial tension as well as the tension changes during contraction 
and relaxation may be conveniently followed by recording optically the 
intraventricular pressures Changes in the length of the muscle fibers, 
as Frank, Paterson, Piper and Starling and others have pointed out, may 
be evaluated most satisfactorily by studying the changes in the ven- 
tricular volume during consecutive phases of the heart cycle 

In 1914, I reported 0 experiments which seemed to demonstrate 
that every increase or decrease in the volume of blood returning to the 
right auricle affects simultaneously the initial tension, height, and con- 
tour of the right intraventricular curve These experiments were the 
first to demonstrate that the laws derived by Frank from a study of 
the frog’s heart apply also to the natuially contracting mammalian 
ventricle In brief, the conclusion seemed justified that the gradient of 
the isometric pressure use as well as the systolic pressure-maximum 
are determined by the initial tension as long as marked changes m 
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arterial resistance or alterations in the inherent contractility of the 
heart are not produced At the same time, it was shown that any 
increase m pulmonary arterial resistance is also capable of altering the 
pressure-maximum in the right ventricle under conditions of unchanged 
venous inflow Finally, it was pointed out that independent of, or 
coincident with, these factors the pressure-maximum may be determined 
by the inherent contractility or irritability of the heart itself 

Shortly after the publication of this work, a series of investigations 
were published which apparently analyzed the reactions of the heart 
to increased venous return and increased arterial resistance m a much 
more fundamental manner This was accomplished by limiting the 
circulation to the heart and lungs and controlling independently the 
venous inflow and the arterial resistance With such a “heart-lung” 
preparation dynamic experiments were carried out m London, by Star- 
ling , 10 working at various times in association with Knowlton, Mark- 




Fig S — Diagrammatic representation of ventricular volumes (upper curves) 
and pressure changes in left ventricle (lower curves), according to results of 
Patterson, Piper and Starling D, diastolic volume, S, systolic volume, 
D-S, systolic discharge, I, initial pressure, M, pressure-maximum A, normal 
controls, B, after increased arterial resistance — initial pressure (I) unchanged, 
initial volume (D) increased, pressure-maximum (M) higher, systolic dis- 
charge (D-S) unaltered C, after increased venous inflow — initial pressure (I) 
decreased, initial diastolic volume (D) increased, systolic discharge (D-S) and 
pressure-maximum (M) increased 

walder, Patterson and Piper, and contemporaneously by Straub 7 in 
Munich Subsequently, Gesell 19 in this country, has also utilized a 
similar method of experimentation 

The first investigations of Starling and his associates showed that 
the systolic discharge of the ventricle at any constant rate is unaltered 
by very considerable change in arterial resistance as long as the inflow 
is kept constant On the other hand, they found that, within wide 
limits, the heart is able to increase its output in direct proportion to the 
venous inflow Similar results were obtained bj*- Socm 7 and de Heer 20 

19 Gesell Am J Physiol 39 239, 1916, 40 267 1916 

20 de Heer Arch f d ges Physiol 148 45 1912 
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In studying the cardiac reactions more m detail, Patterson, Piper and 
Starling obtained results which are diagrammatically illustrated in 
Figure 5 Their records show that when the venous inflow increases, 
the \entncles are more distended m diastole and the systolic discharge 
increases (Fig 5, A and C) The initial tension m the left ventricle, 
however, may not increase, but, on the contrary, may actually be 
lower Nevertheless, the intraventricular pressure-maximum appears 
to rise 

When aiterial resistance alone was raised, they again found an 
increased diastolic volume due to a retention of blood during the first 
few beats Their tracing indicates that once dilated to a stable capacity, 
the heart expels at least as laige a systolic volume as before tbe 
increase in resistance (Fig 5, A, J3) In studying the intraventricular 
pressure changes accompanying such reactions, it was also found that 
the left mt^ entricular pressure-maximum increases, that the pressure 



ABC 

Fig Q — Diagrammatic representation of pressure changes in right (lower) 
and left (upper) ventricles according to Straub’s results A, normal control 
curves, B, after increased arterial resistance — initial pressure (I) increased 
m left ventricle, unaltered in right, pressure-maximum (M) higher m left 
ventricle, lower in the right C, after increased venous inflow— initial pressure 
(I) increased m right hut not in left ventricle, pressure-maximum (M) increased 
markedly in right and very slightly in left ventricle 

gradient uses steeper and that the duration of the period of systole is 
increased In some cases, however, the noteworthy observation was 
made that the initial tension is scarcely affected m the left ventricle 
These results, together with observations on the isometric contraction, 
curves obtained from the terrapin heart, led them to conclude that, 
“in the reaction of the heart to increased venous inflow and increased 
resistance, the only factor which constantly varies with the response 
of the ventricles is the volume of the heart, l e , the length of its muscle 
fibers ” They believe, on the basis of such experiments, that we are 
justified in ascribing the increased energy of the cardiac contractions 
under conditions of increased inflow or augmented resistance entirely 
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to alterations m the length of the muscle fibers and not to change m 
tension on the fibers, which, as they interpret it, may or may not be 
present at the same time 

The contemporaneous experiments of Straub 7 led on the whole to 
similar, yet m some vital respects, different conclusions He also found 
that, under a constant venous inflow, increased arterial resistance leads 
to a systolic retention resulting both in systolic and diastolic distention 
The systolic discharge remained unaffected His optical pressure 
curves indicated, moreover, that, in the left ventricle, not only the 
maximum pressure, but also, the initial pressure increases (Fig 6, 
cf A and B) Such results, contrary to those reported by Starling and 
his co-workers, would indicate that an increased pressure-maximum 
is constantly associated with, if not fundamentally due to, an increased 
initial pressure In the right ventricle, however, he found no increase 
m height nor elevation of the initial tension, in fact, in seme cases, 
the pressure-maximum seemed to be reduced These results, it will 
be recalled, are quite contrary to those previously reported by Fuhnei 
and Starling 1(! who found that a "backing up” of blood always occurs 
when the left heart woiks against an increased resistance In attempt- 
ing to harmonize these discrepancies, Straub pointed out that he also 
was able to obtain such “back pressure” effects when the arterial pres- 
sure at the start was low and the coronary supply therefore insufficient 
to maintain the heart m prime condition Straub considered the latter 
reaction as one of a hypodynamic and uncompensating heart, Fuhner 
and Starling considered it the reaction of a normal heart We shall 
revert to a discussion of this question later When the inflow rate was 
increased but the arterial resistance kept constant, Straub found, similar 
to Starling and his co-workers, that the two ventricles dilate somewhat 
and expel larger systolic volumes The intraventricular pressure curves 
taken from the two ventricles again showed differences (Fig 6, A and 
C) In the right ventricle, changes similar to those reported by myself 
were constantly observed, i e , increased diastolic filling always occasions 
an increased initial tension and a higher pressure-maximum In the 
left ventricle and in confirmation of Starling’s results, no changes m 
initial tension occur although the pressure curves did become somewhat 
higher According to these results, the increased discharge of the 
right ventricle is unable to affect the diastolic filling of the left suffi- 
ciently to cause an elevation of initial tension While Straub interprets 
his results as indicating that initial tension is the primary factor in 
determining ventricular efficiency, the increased systolic discharge of the 
left ventricle must, in such cases, be assigned to changes in initial length 
or initial volume rather than initial tension 
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In investigating the importance of auricular systole in the dynamics 
of the ventricle, Gesell , 19 was compelled to consider the broader ques- 
tion as to whether initial length or initial tension primarily determine 
\entncular efficiency In the auricle of the river turtle, which shows 
rhythmic fluctuations in tonus, he found it possible to study the effect 
of changes in tension and length independently His results indicated 
that in the auricle of the turtle, increased strength of contraction may 
accompany either mci eased length of fiber while initial tension remains 
constant, or increased tension while initial length remains the same 
Further experiments on a mammaliam heart-lung preparation led him 
to conclude that this also applies to the mammalian ventricles The 
latter experiments may not be regarded as quite conclusive, however, 
because the method employed to record variations in tension and length 
do not appear to be quite adequate for the study of the mammalian 
circulation As a result of his work, Gesell suggests that, while both 
initial length and initial tension may determine ventricular efficiency, 
the surface-volume relations are also concerned 

With these conflicting views before us it seems desirable to re-in- 
\estigate whether measurable differences of initial tension fail to accom- 
pan) such experimental procedures as have been definitely shown to 
increase initial volume This, I have recently attempted in intact ani- 
mals At once we may anticipate the loud objections that experiments 
carried out on intact animals can, of course, not pro\e valid either the 
one contention or the other 

Extensive experience has convinced me that it is not so difficult 
to control or evaluate the separate factors in intact circulation experi- 
ments as has been claimed If the vagi nerves have previously been 
se\ ered, variations in heart rate are no more extensive than those which 
occur in perfused hearts The venous return may readily be reduced by 
compression of the vena cava and increased by the injection of innoc- 
uous normal saline In neither event is arterial resistance altered 
appreciably Increased resistance may be induced either peripherally 
by vasoconstriction or more centrally by mechanical compression of the 
aorta If carried out for intervals which are short but quite long 
enough to obtain observations, the venous return is either not sufficiently 
affected or, if modified, can be evaluated m interpreting the reactions 

Are the experimental conditions m the heart-lung preparation better 
or moie controllable? The very fact for which these experiments are 
lauded, viz , that each factor — venous inflow, arterial resistance and 
rate — may be controlled at will, makes them a source of trouble In such 
schemes, it is the first duty of the experimenter so to adjust the artificial 
factors (the controllable factors) that the heart beats after a fashion 
which he interprets as normal What criterion other than instinct can 
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guide him ? We have already pointed out that the adjustment of the 
artificial resistance to the inflow volume apparently determines whether 
or not a “back pressure” effect takes place on raising the arterial resist- 
ance Each experimenter will be ready to admit that his adjustment 
approximates normal Fuhner and Starling find “back pressure effects” 
as far back as the right auricle on increasing artificial resistance, 
Straub finds that the pressure in the right ventricle decreases Both 
results can not apply to the intact normal circulation Who shall judge 
between them ? I have been able to show in similar heart preparations 
that, with constant arterial resistance, an increased systolic discharge 
may cause either an increased or decreased pulse pressure m the arteries, 
depending on whether the arterial resistance during the so-called 
“normal” is relatively great or small, as compared with the venous 
inflow Both reactions cannot be characteristic of the intact circula- 
tion The fact that mean arterial pressure approximates the normal 
found m animals of course means nothing whatsoever In short, I 
believe that in many instances it is possible to set the “normal” so that 
absolutely diverse propositions may be clearly ( <) demonstrated with 
equal facility 

Aside from the judgment of the experimenter, we have possible 
alterations m the physiological condition of the perfused heart to deal 
with Does it react as the heart in the intact circulation ? Always, it 
is separated from all nerve control — not without its effects on the dura- 
tion and strength of ventricular contraction Usually, also, the peri- 
cardium is opened — causing, as has been shown m Starling’s own 
laboratory by Kuno, important changes in the distention of the ven- 
tricles Commonly also, the capacity of the rubber tube substituted 
for the aorta is too small to accommodate, in a natural manner, the 
ejected blood, so that the entire systolic volume must each time be 
forced through a small cannula tied into the narrow lumen of the 
innominate artery In the heart-lung preparation, the blood supply of 
the heart also changes m a manner which is quite abnormal, whenever 
the resistance increases If the aortic resistance increases in the natural 
circulation, short circuits are always available through which an excess ' 
of blood may flow In the heart-lung preparation the only short cir- 
cuit is the coronary system which then apparently allows exorbitant 
volumes of fluid to flow through it A few direct observations may 
be interesting If we use the figures of Patterson, Piper and Starling, 
we can only conclude that normally from 25 to 35 per cent of the entire 
systolic discharge passes through the coronary system, a volume which 
if correct represents a most abnormal state of the coronary circulation 
which certainly does not conform to the intact heart Straub found 
that after compression of the aorta, the coronary blood flow increases 
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so greatly that right auricular pressure is thereby augmented — a con- 
dition just the reverse of that obtaining m the intact circulation Fre- 
quently also, the heart is supplied with a blood-salme mixture of 
unnatural composition In Straub’s experiments, for example, the 
deficiency of carbon dioxid in the blood, according to his own inter- 
pretation, caused the hearts to beat at the excessive rate of 300 per min- 
ute Finally, it seems very doubtful whether the preparation 
accomplishes the task for which it is specifically employed I question, 
for example, whether it is possible to alter any one factor — e g , — 
heart rate, venous pressure or arterial resistance — without at the same 
time affecting some other factor Thus, it appears both from the 
records of Patterson, Pipei and Starling and those of Straub that, 
whenever the arterial resistance increases considerably, the filling pres- 
sure in the right auricle also augments Again, I have found it exceed- 
ingly difficult in similar experiments to dissociate changes m temperature 
from changes in venous inflow , the two seem intimately interdependent 
VVhene\ei the inflow rate is increased, a tendency exists to increase 
the temperature of the heart muscle, when it is reduced, the reverse 
tendency exists The tempeiature change may be only 0 5 C , but what 
changes in inherent uritabihty and contractibihty may not this induce 1 
How can the influence of this factor be separated from that produced 
Dy augmented inflow itself ? On the whole, who dares to say that the 
heart m such preparations reacts as would an intact heart or that every 
factor can be perfectly controlled ? 

I cite these objections not to condemn the method, nor to discourage 
its employment m the analysis of the cardiac mechanisms On the 
conti ary, I am of the opinion that its employment has greatly enhanced 
our knowledge of the fundamental laws according to which the heart 
can react I merely wish to emphasize the possibility that such laws 
may apply only to special conditions and must always be transferred 
to the intact circulation with the greatest reserve and caution 

With such reflections in mind, I have recently investigated the ven- 
tricular pressure and volume changes during conditions of altered 
arterial resistance and venous inflow on intact animals, for, in such 
experiments, in contrast to studies on the heart-lung preparation, it is 
possible to study what probably docs happen when the heart reacts 
to different influences Both right and left intraventricular pressures 
were simultaneously recorded by optical manometers In some experi- 
ments the volume changes were also recorded, in others, volume curves 
were omitted in order to test the same procedures in animals m which 
the natural pericardial support of the ventncles was maintained 

In seventeen experiments, so far completed, it was found, without 
exception, that any sudden increase m venous return which increases 
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also the -volumes of the \entncles, always promptly elevates the initial 
tension and pressure-maximum m the right as well as left ventricle 
This is illustrated by the records shown m Figure 7, II Curves “1” 
are normal controls Fifty c c of warm saline solution was then 
allowed to flow into the external jugular vein m twelve seconds In 




Fig 7 — Superimposed tracings of right (lower) and left (upper) intraven- 
tricular pressure curves, after experiments of author I, normal as compared 
with effects during asphyxia, II, normal as compared with saline infusion 
effects , VIII, normal as compared with decreased venous return after vena cava 
compression , IV, normal as compared with effects of vaso-constriction , X, as 
compared with effects of aortic compression, XV, normal as compared with 
effects of chloral (2) and strophanthin (3) 

other experiments, this had been shown to definitely increase the dias- 
tolic volume of the ventricles and augment the systolic discharge m 
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from 2 to 3 seconds Four seconds after, curves “2” were recorded 
Both mtraventriculai pressure curves show an elevation of initial, as 
well as maximum pressure Toward the end of the infusion, the third 
series of curves were taken , a further elevation of initial and maximum 
pressures in both ventricles is obvious 

Reduction of the venous inflow produced by clamping the inferior 
vena cava has precisely the reveise effects on initial and maximum 
piessuie in the two ventricles This is shown m records labeled as 
obsera\tion VIII Such changes in initial pressure occur with ^reat 
promptness when the volume of fluid returned is either decreased or 
increased Thus, m observation VIII, ‘T” shows the normal control, 
“ 2 ” “ 2 ” and “ 4 ” illustrate the changes taking place during the second, 
fourth or sixth beats after compression of the vena cava 

When arterial resistance increases either through intense vaso- 
constriction or mechanical compression of the aorta, the initial pressure 
is always elevated when it is of sufficient degree to cause a dilation 
of the ventricles The details of these changes are illustrated in the 
senes of records shown in IV and X Observation IV indicates the 
final results during intense vaso constriction reflexly induced by stimu- 
tating the central end of a divided vagus nerve Curves “1” are 
normal controls While arterial pressure (recoided supplemental y) 
A\as on the ascent, cuives “ 2 ” were recorded At the height of the 
pressure reaction, curves "3” were taken In both, a considerable 
elevation of initial pressuie is indicated in the left ventricle pressure 
curves and a relatively smaller increase is discernible in the right ven- 
tricle In observation X are noted the immediate effects of raising 
the arterial resistance through mechanical compression of the thoracic 
aorta Cuives “1” are nojnal, curves “2” represent the pressure 
changes during the first beat following compression The pressures 
m the right ventricle are unaffected The pressure-maximum increased 
by virtue of the higher resistance and piessure existing during the 
contraction process The initial pressure has not elevated Curves 
“ 3 ” show the changes in the third beat after compression Increased 
initial tension and pressure-maximum occur m the left ventricle, the 
pressure in the right still remaining unchanged Curves “ 4 ” repre- 
sent the fifth beat after compression Initial piessure and pressure- 
maximum are furthei elevated in the left and, for the first time, in 
the right ventricle also 

Experiments of another order have also been carried out In 
these, the ventricular volume curves were recorded on a slowly moving 
smoked paper, the two intraventricular pressure curves, as before, at 
the first indication of an increase m diastolic volume (initial length) 
after slow saline infusion, optical pressure curves were at once recorded 
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Comparison with normal curves showed that the initial pressure increase 
in the right ventricle was never dissociated from an alteration in initial 
diastolic volume 

This state of affairs obviously holds good only as long as the inherent 
functions of the cardiac muscle are not excited or depressed There are 
many evidences of deviations from this rule , both m the literature eman- 
ating from other laboratories and my own Thus, when the initial 
pressure becomes elevated to an excessive degree, the intraventricular 
pressure-maximum no longer increases but becomes lower at the same 
time that the systolic discharge lessens So also, when the heart is long 
distended by a great inflow or is required to react against a very high 
arterial resistance for a long time its subsequent power of response 
is reduced The irritability of the heart may also be depressed or 
stimulated by chemical agents, in which case the pressure-maximum and 
systolic discharge are not related to the initial pressure This is 
illustrated in observation XV, in which curves “1” again show normal 
controls Curves “ 2 ” are representatives of pressure changes fol- 
lowing the use of chloral hydrate Initial pressure is greatly elevated 
in the right, very slightly m the left ventricle In spite of this, the 
pressure-maximum is lower in both ventricles The heart was 
obviously dilated Neither increased initial pressure nor increased 
initial length determines the vigor of the ventricle when the myocar- 
dium is depressed Curves “3” were obtained after subsequent use of 
strophanthm The tension maximum increased above normal m both 
ventricles — the initial tension remaining unaltered in the left and 
decreased in the right 

Viewing all the experimental evidence in the light of the more fun- 
damental work of Bhx, Hill and others on skeletal muscle, we must 
be ready to admit that the dynamic efficiency of the ventricle may be 
fundamentally determined by such factors as initial length, and diastolic 
surface-volume relations It is not so evident, however, (except, per- 
haps, under conditions of very small venous inflow, or where the ven- 
tricle has lost its tonus completely) how any increase m diastolic 
volume (and initial length) can take place otherwise than by the force 
of an increased initial tension The ventricles are filled to capacity 
even under very low auricular pressures It would seem that any 
additional increase in volume must necessitate a stretching of the 
elastic and tonic walls of the ventricle This requires an increased 
auricular and increased initial pressure The pressure required to 
stretch the walls sufficiently to admit a definite volume increase need 
not be great, if the tonus is low, but must be considerable, if it is 
high The pressure increase is not proportional to the volume increase , 
but an increase must exist We may reiterate While initial length of 
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ventricular fibers and diastolic surface-volume relations may funda- 
mentally determine myocardial efficiency, it is difficult to picture how 
these factors can be increased except through an increase in initial 
tension 


III THE DYNAMICS OF THE CIRCULATION IN HEART 

DISEASE 

The signs and symptoms arising from acute or chronic cardiac 
disease are the expiessions of dynamic consequences which occur when 
the normal valvular mechanism is impaired or the functional capacity 
of the ventricular myocardium is affected As the latter are always 
concerned more or less m valvular effects, it seems desirable to analyze, 
on the basis of experimental results, how the myocardium becomes 
abnormal m its function, to consider the factors of safety that are at 
once called into play, to analyze how additional compensatory mechan- 
isms gradually develop, and finally, to attempt an answer as to why 
these mechanisms ultimately fail to accomplish the task for which they 
w ere developed 

The Hypodynavuc o> Inho cntly Weakened Heart — Under this 
heading I mean to catalogue cardiac conditions in which the working 
capacity of the ventricles has been reduced It is, I believe, the con- 
dition which so fiequently follows or terminates severe febrile or infec- 
tious processes Clinically, it is recognized chiefly by the feeble heart 
sounds (particularly the first) and the small pulse amplitude The 
latter has definitely been proven to be caused by the decreased systolic 
discharge, the enfeeblement of the first sound 1 21 have recently shows i 
to be related to and diagnostic of a reduction in inti a ventricular tension 
It is probable, therefore, that we have, in this hypodynamic heart 
of the clinic, a condition not unlike that produced by depressant drugs 
such as chloral, chloroform, etc , and consequently, we may venture 
an interpretation of the cardiodynamics on the basis of experimental 
results obtained from the use of such drugs 

The capacity of the ventricle for work is, of course, a function 
both of pressure and volume, as well as time O Frank has expressed 

r Ti 

P V dx in which A lepresents the 

To 

work , P, pi essure , V, volume , T 0 , time of opening of semilunar valves , 
T ls the time of closure of the semilunars Owing to the facts that 
the volume curves of each ventricle cannot be separately recorded and 
that initial tension is a function both of aortic resistance and venous 
filling, it has not been found possible to apply this formula in estimating 
the working capacity of the mammalian heart beating under different 

21 Wiggers Arch Int Med 24 471, Sept, 1919 
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conditions A separate study of the changes in the volume and pres- 
sure curves of the ventricles has given us, however, a clue to the essen- 
tial changes taking place m the hypodynamic heart Socm , 17 who 
studied the volume changes, systolic discharge and minute volume of 
the heart depressed by chloroform, found that such depression expresses 
itself primarily by a decreased systolic discharge and, m consequence of 
the inefficient discharge, by a dilation The depressed heart retains 
only to a lesser degree its power of responding to changes in venous 
inflow or arterial resistance If, for example, the arterial resistance is 
increased, the systolic discharge is not maintained as m the normal 
heart but continues reduced for a long time This leads to dilation. 
Again, when the venous pressure is increased, it does not respond with 
an increased output as the normal heart, but" the discharge remains 
unaffected 

Similar evidences of its inability to respond to increased require- 
ments are shown by studies of the pressure curves Experiments, not 
> et completed but well under way, point to the conclusion that, when 
the heart is acutely depressed by such agents as chloroform, chloral, 
alcohol, etc , the intraventricular pressure progressively rises less 
abruptly and to a lower level m spite of the fact that the initial pres- 
sure is elevated and the diastolic ventricular volume, to judge from 
volume curves, is actually greater 

The heart gradually recoveis from such effects This, we are accus- 
tomed to attribute to the fact that the chemical action gradually wears 
off Pressure curves indicate, however, that this “wearing off”' effect 
is not entirely due to the cessation of a toxic action but involves rather 
a process of compensation This seems to occur as follows As a 
small quantity of blood is retained during successive systoles, the initial 
tension and initial distention of the ventricles is greater When this 
has gone sufficiently far, the hypodynamic heart reacts to the higher 
initial tension and the amplitude of the pressure curve again increases 
In these depressed hearts, the impression is clearly gamed that initial 
tension fundamentally determines the pressure relations , and present one 
instance as to why the analysis of the relative importance of initial 
length, and initial tension, in determining cardiac efficiency is of more 
than academic interest 

If cardiac depression is more severe, the ventricular pressure is not 
elevated to normal even if the initial pressure itself is considerably 
higher By virtue of the higher initial pressure, the ventricle dilates 
more and more and the pressures m the left auricle and entire pul- 
monary circulation have a tendency to become elevated Marked 
pulmonary congestion is probably avoided because the output of the 
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depressed right ventricle is diminished by an amount nearly equal to that 
of the left Stagnation of blood in the veins and liver without pul- 
monary congestion can thus be explained m a logical manner 

If the influences depressing the contractile power of the ventricles 
are removed, or if they are neutralized by suitable cardiac stimulation, 
gradual recovery may take place Such experiments favor the use of 
such stimulating drugs as digitalis and strophanthm in purely myocar- 
dial types of depression 

Caidwc Stiaw and Fatig\tc — Cardiac strain begins when the normal 
or hypodynanuc heart is required to eject its blood against a greater 
arterial resistance, or, what amounts to the same thing, a higher dias- 
tolic pressure The reactions correspond to those previously analyzed 
when( the arterial resistance is increased experimentally As a result of 
the greater load, a small increment of blood remains behind, at once 
distending the ventricle As long as the elastic and tome resistance 
of the myocardium is not impaired, however, it at once elevates the 
initial tension This safety mechanism causes a larger pressure elevation 
and a restoration of the discharge to normal The earlier phases of this 
reaction are undoubtedly beneficial With the higher pressure devel- 
oped during the isometric phase goes an intensification of the first 
sound , and with the closure of the semilunar valves at a higher diastolic 
leA el, we get, as has been experimentally demonstrated, an accentuated 
second sound As long, therefore, as both sounds remain intensified,, 
the heart is responding by adequate safety mechanisms 

If the factors increasing diastolic pressure operate too rapidly, or 
if the elevation is continued too long, a second phase of cardiac strain 
deA elops During this stage, as Bruns 22 has shown in the frog’s heart, 
the inherent contractility suffers In the mammalian hearts, the intra- 
A'entricular pressure curves do not mount so high and the isometric slope 
becomes more gradual, even though there is a progressive dilatation of 
the ventricle and an increased initial pressure When this occurs, the 
second sounds may remain intensified, while the first sound vibrations 
become reduced m amplitude Since the tome contraction of the cardiac 
muscle and its elastic resistance is unable for long periods of time to 
resist the gradually increasing strain, the heart begins to weaken and 
finally gives way (Bruns) The ventricle then dilates enormously 
This marks the onset of cardiac fatigue Straub’s experiments indicate 
that Avhen this occurs the pressures m the left auricle become greatly 
elevated and the lungs markedly distended The right ventricle, m con- 
sequence, is compelled to contract against a greater load , it then passes 
through the same phases of cardiac strain as the left During the 
time that dilation of the left ventricle is backing blood into the pul- 

22 Bruns Deutsch Arch f klin Med 113 179, 1913 
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monary circuit, the efficiently contracting right ventricle adds normal 
volumes of blood to the pulmonary side, consequently, pulmonary con- 
gestion cannot fail to supervene during the second stage of cardiac 
strain, while there may be no evidence of venous congestion 

Either one of~ two sequels must follow the right ventricle may 
pass to the stage of dilation causing the venous pressure to rise aiM 
pulmonary pressure to fall, or new compensatory mechanisms may 
come into play which help to reestablish normal relations 

Tonus and Dilatation — These terms jare constantly employed by 
physiologists and clinicians alike, without always a clear conception 
of what they really imply When the exposed heart appears large 
and distended during diastole, we speak of a dilated heart or one having 
a low tonus If, on the other hand, the diastolic volume is small, 
we are apt to speak of tonus as being high As Patterson, Piper and 
Starling point out, the state of distention and tone are not necessarily 
related “for the volume may be merely determined by the amount of 



Fig 8 — A, upper curves, series of diagrammatic volume curves showing 
mechanical decrease in diastolic volume when the heart accelerates, according 
to conceptions of Henderson B, lower curve showing effect of increasing 
diastolic volume due to increased venous inflow when tonus remains normal 
(dotted lines) and when it is reduced (solid lines) Result, is a larger systolic 
volume in the former, and unaltered discharge in the latter instance 

blood entering from the veins ” Henderson has shown that the diastolic 
volume of a heart distended by high venous inflow is necessarily greater 
than that of a heart which receives only a small venous inflow Obvi- 
ously, the diastolic volume of the heart is usually passively determined 
and in such cases the more dilated hearts are the more efficient, both 
because the initial and maximum intraventricular pressures are higher, 
and because the systolic discharge is greater (Fig 8, A) For the sake 
of differentiating, let us speak of this as a physiologic dilatation 
(tonogemc dilatation of Moritz) 

Clinically, the term “dilatation” is applied to a condition m which the 
heart is dilated during diastole while the systolic discharge is diminished , 
or, perhaps more precisely stated, when the dilation is not accom- 
panied by a larger discharge In other words, the heart is dilated during 
systole as well as diastole , a relation that may be expressed by the 
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volume curves diagrammatically shown in Figure 8, B Let us here- 
after refer to this type as pathological dilatation (myogenic dilatation 

of Moritz) 

Pathologic dilatation is frequently attributed to a failure of cardiac 
tonus , the physiologic type, to a passive distention in which tonus per- 
sists According to such conceptions, Patterson, Piper and Starling con- 
sider the term tonus “as synonymous with the physiological condition 
or fitness of the muscle fibers and its measure is the energy set free per 
unit length of muscle fiber at each contraction of the heart A heart 
with good tonus will carry on a large circulation and nearly empty itself 
at each contraction, a heart with defective tonus can eject the same 
systolic volumes, only when its fibers are lengthened ( Fig 8, B ) 1 his 
is also essentially the conception formulated by Moritz 2 
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alone According to this conception, the ventricular tonus varies 
directly as the volume-elasticity coefficient of the relaxed heart, 1 e , the 
ratio of the pressure increase to the volume increase, 

This relation may be studied after the fashion schematically illus- 
trated in Figure 9 Let us suppose that, m such a preparation, suffi- 
cient fluid is admitted into the ventricle to raise the intraventricular 
pressure by eight equal increments The volume changes correspond- 
ing to each of, say eight, such pressure elevations may then be plotted m 
steplike fashion Comparison of curves from ventricles under varying 
conditions of tonus make it quite obvious that when tonus is low, a much 
greater increase m volume accompanies a given pressure increase than 
when tonus is high , or, stated in the reverse, the same volume change 
is associated with a much greater pressure change when tonus is high 
than when it is low 

We may now again examine into the reasons why a heart with 
deficient tonus is less effective than the normal Two hearts, distended 
to equal volumes, would have equal initial lengths If this is the 
dominant or only factor determining the power of the heart to respond, 
we can only assign the decreased working capacity to an impairment 
of the muscular irritability itself Such is apparently the conception of 
Starling and his associates If, however, initial tension is primarily 
concerned m determmig the working capacity of the heart, then the 
reduced working capacity of the ventricle during atonia may be 
accounted for by the fact that, at equivalent initial volumes, the initial 
pressure is lower m the atonic than in the normal heart 

The factors which may modify cardiac tonus have not all been 
definitely established on an experimental basis Thus, from the experi- 
ments of Socm, 17 it could not be definitely ascertained whether in 
cardiac depression from chloroform, tonus was also roduced Bruns, 12 
however, was able to show definitely that tonus m the frog’s ventricle is 
reduced when for long periods of time the heart is made to beat a very 
rapid rate, or compelled to work against increased resistance 

Compensation and Decompensation — It is the dynamic function of 
the heart so to adjust its mechanisms that it, at all times, pumps 
the venous blood received into the systemic system under sufficient pres- 
sure to insure a continued capillary flow As long as the heart does this, 
the circulation is compensated , when it fails to do so, decompensation 
occurs The power of compensation is a physiological attribute of nor- 
mal muscle tissues and is not necessarily linked with subsequent cardiac 
hypertrophy This phase of the compensatory phenomenon may be 
well illustrated by reference to the acute production of a severe experi- 
mental lesion m animals If, for example, the aortic valves are sud- 
denly rendered incompetent, it will be found that the aortic diastolic- 
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pressure not only falls at once, but that the systolic pressure remains 
normal or rises above normal with the very next beat The mechan- 
isms through which this is accomplished operate somewhat as follows 
With the first diastole, a small volume of blood regurgitates back into 
the ventricles This not only distends the ventricles but elevates the 
initial tension Consequently, during the next and every subsequent 
beat, not only the tension-maximum, but also the volumes ejected dur- 
ing systole are greater Compensation for valvular defects then resolves 
itself into an increase in diastolic volume and initial tension which causes 
the heart to react, at once, by larger pressure curves and larger output 
Under what conditions does such immediate compensation fail to 
take placed Two suggest themselves (1) If the tonus of the heart 
muscle, as defined, is low, augmented volumes may be accommodated 
within the ventricle without a proper elevation of initial tension When 
this happens, the pressui e-maximum reached within the ventricles and 
aorta are both lower and the discharge is actually decreased (2) If 
the reserve power of the normal ventricle is exceeded, or if, through 
depressing agents, the normal reserve power is reduced, then also, 
decompensation supervenes This necessitates an interpretation in more 
precise physiologic terms of the phrase “reserve power ” 

We have seen that every increase m diastolic volume and initial ten- 
sion causes not only a larger systolic discharge but a higher pressure- 
maximum within the ventricles as well (Fig 7) To this, as it has been 
experimentally shown, there is, however, a limit, for, if the initial pres- 
sure increases more and more, there comes a time when the pressure- 
maximum begins to decrease Then the systolic discharge also 
decreases The initial pressure at which this turning point occurs may 
be taken as the index of the reserve power of the ventricles Whenever, 
therefore, the increase in initial pressure occasioned by a valvular defect 
rises above this point, the efficiency of ventricular contraction diminishes 
and decompensation begins This safety mechanism whereby the ven- 
tricle is capable of responding at any moment’s notice to larger initial 
tension, undoubtedly explains why decompensation does not, as a rule, 
occur in valvular lesions for many years, and that patients remain quite 
unaware of valvular disturbances which may be very marked 

The initial pressure at which the heart no longer responds with more 
vigorous beats and normal systolic discharge varies, not only in dif- 
ferent animals, but in the same heart, e g , when its blood supply is 
altered or when the heart muscle has been submitted to toxic depression 
or long continued strain We have m this a clear explanation as to 
just how the condition of the myocardium finally determines whether 
compensation or decompensation takes place For years, experiments 
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on artificial circulation machines (Marey, 4 Moritz, 24 etc ) had demon- 
strated that, whenever left heart valvular lesions occur, there is always 
a physical tendency for blood to dam back toward the right side, thus 
increasing pulmonary and right ventricular pressures On the basis 
of such physical experiments, clinicians have long explained the pul- 
monary congestion and venous stasis observed in cardiac cases on the 
so-called “back pressure theory ” It was, therefore, surprising that 
practically all experimental investigations of the various heart lesions 
(MacCallum and McClure, 25 Straub, 7 etc ) show that “back pressure 
effects” occur very seldom m lesions acutely produced m normal hearts 
How are these observations to be interpreted 7 The physics of the body 
circulation is not different from that of artificial circulation machines 
Back pressure effects should be and, as a matter of fact, would be pro- 
duced, were it not for the immediate compensatory reactions called into 
play When, m animals or in patients, this compensatory mechanism 
(1 e , the ability to respond to increased initial tension and volume 
by equal discharge and higher pressure-maximum) is lost, decom- 
pensation sets in Then, and then only, “back pressure effects” 
take place 


24 Marey La Circulation du Sang 16 136, 710 

25 MacCallum and McClure Johns Hopkins Hosp Bull 17 260, 1906, 
22 197, 1911 



INTERPOLATED CONTRACTIONS OF THE HEART 
WITH ESPECIAL REFERENCE TO THEIR 
EFFECT ON THE RADIAL PULSE * 

MERRILL M MYERS, M D , and PAUL D WHITE, M D 

DES MOINES, IOWA BOSTON 

INTRODUCTION 

Attention should be directed to some of the characteristics of inter- 
polated contractions of the heart, particularly as they affect the radial 
pulse, since at times this type of cardiac irregularity is confusing 

An interpolated beat is a premature contraction of the ventricles 
which is not followed by a compensatory pause and does not disturb 
the dominant rhythm of the heart It is impossible for auricular beats 
to be interpolated, because auricular premature beats are bound to dis- 
turb the dominant rhythm It is also impossible to have interpolated 
beats in a case of complete auriculoventricular heart block, because 
here the dominant rhythm is ventricular, and so it, too, would be 
disturbed Dresbach and Munford 1 state that interpolation in a 
case of Stokes-Adams’ disease was repoited by Lichtheim in 1905, but 
such a phenomenon is very unlikely Inasmuch as interpolated beats can 
be no other than ventricular and must be premature, the cumbersome 
expression “interpolated premature ventricular contractions” can be 
discarded In this paper we shall restrict ourselves to the term “inter- 
polated beats ” This form of premature beat is the only true “extra- 
systole,” the term as it has been applied to the usual premature beat 
being unsatisfactory, since the heart rate in such a case is unchanged 
Interpolated beats are relatively infrequent but not so rare as has been 
stated by some authors The A-V conduction is usually delayed fol- 
lowing the interpolated beat, causing a delay m the appearance of the 
next normal pulse wave (Figures 1, 2, 3 and 4) 

The mistake most frequently made, in the instances where wrong 
interpretations of the arterial pulse occur, is m stating that two prema- 
ture beats appear, one immediately following the other, the first beat, 
the interpolated one, being designated as the first premature beat, 
while the next, which is the normal, is called the second premature beal 
Again, a confusing picture may be presented where the regular occur- 
rence of interpolated contractions every third beat, failing to reach the 

* From the Cardiographic Laboratory of the Massachusetts General Hospital 
1 Dresbach, M , and Munford, S A Interpolated Extrasystoles in an 
Apparently Normal Human Heart, Illustrated by Electrocardiograms and 
Polygrams, Heart S 197, 1913 
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wrist, gives rise to pseudo-alternation Three other very rare sources 
of error will be discussed later This communication is presented m 
an effort to show wherein errors have been made and to simplify the 
diagnosis of this form of arrhythmia 

HISTORICAL 

A resume of the literature on this subject, up to 1914, appears in an 
article by Dresbach and Munford 1 Busquet 2 stated that the first pub- 
lished tracing of interpolated beats was m the work of Marey, 3 m 1881 
However, on examination no definite example was found by us among 
the 375 tracings m this book It is possible that in Figure 355, page 
723, such an irregularity appears, but it is more likely a bigeminal 
pulse due to very late premature beats In an earlier publication by 
Marcy 4 a questionable interpolated beat appears in Figure 89, page 292 
Uncertainty in diagnosis here is due to the fact that hiccup occurred 
at this moment, so that the picture is more likely the result of arte- 
fact His Figure 202, page 524, may possibly contain interpo- 
lated beats 


Fig 1 — An arteriogram of T O showing clearly a typical curve of inter- 
polated beats Most of them can be easily seen, their amplitude varies and 
they are followed by normal beats of small size and delayed appearance There 
is not always close relationship between the size of the interpolated beats and 
the size of the succeeding normal beats 

Wenckebach, 5 while correcting Mackenzie’s error of interpreting 
an interpolated beat and its succeeding normal beat as two 
premature beats (Fig 83, p 99 of Mackenzie’s “Study of the 
Pulse, Arterial, Venous, and Hepatic, and of the Movements of the 
Heart 6 ”) fell into the same error in his interpretation of his own 
Figure 10 Here the great delay in the appearance of the normal beat 
undoubtedly misled him He republished m his book on the arrhyth- 

2 Busquet, H Les Extra-systoles sans Repos Compensateur, Arch d Mai 
du Coeur, Paris 5 187, 1912 

3 Marey, E J Irregularites Penodiques du Pouls chez le Vieillard, Circu- 
lation du Sang, 1881 

4 Marey, E J Physiologie medicale de la Circulation du Sang, Paris, 
1863, Adrien Delahaye, Libraire-Editeur 

5 Wenckebach, K F Zur Analyse des XJnregelmassigen Pulses, Ztschr f 
khn Med 36 181, 1898 

6 Mackenzie, J The Study of the Pulse, Arterial, Venous, and Hepatic, 
and of the Movements of the Heart, 1902 
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nuas 7 this same tiacmg with the same interpretation Figure 9 of his 
book is correctly interpreted Mackenzie’s c Figures 53 and 54 prob- 
ably contain examples of this condition Trendelenberg 8 published 
tracings demonstrating interpolated beats as they were produced experi- 
mentally m frogs’ hearts One year later, m Hoffman’s 9 writings, 
a good example appears in a poor tracing (his Fig 5) Here the picture 
of pseudo-alternation is produced by the occurrence of interpolated 
beats, every third beat failing to reach the wrist The true condition 
was unrecognized by the author Also m 1904 Volhard, 10 in a papei 
on “Ventnculai Bigeminy without Compensatory Pause, Resulting 



Fig 2 — Electrocardiogram of T O, Lead II Here are shown premature 
beats of two types the first interpolated, and the second a premature ventricular 
contraction with compensatory pause The stimuli which provoke each con- 
traction arise from the same point of the right ventricle m each instance 
The P-R interval after the premature beat is greater than the P-R interval 
v'hich precedes it 



Isl 


ingmuj 



ifnnmii 

glggSE 


■HBB 


wwmm 

M 

mum 

gPl 

wm 

iPifei 

sfeitl 

PFfI 

•iHi 

■ mm 

m 

u 

wmm s 

SBssacsfc i "— 

sill 

rM'mmmmmss 

>^-ij 1 1 »4 ' ■ 1 

'gsicsigsbssil 




iH 


l£ESg5B£5!SSgE3E5HBSSS3E 

m 

Ba3SEBBBBBBaS3E3Ell 


Fig 3 — Electrocardiogram of Y (Lead II), a case of prolonged A-V con- 
duction The second and fourth contractions of the series are interpolated 
The A-V conduction time is lengthened after the first, but practically no length- 
ening occurs after the second The sixth beat is a premature contraction of the 
ventricle with full pause following The remaining part of the curve is of 
normal rhythm, the prolonged conduction time being evident All the prema- 
ture beats arise from the same focus of left ventricle whether they are inter- 
polated or not The T wave shows evidence of digitalization 


7 Wenckebach, K F Die Arhythmie als Ausdruck Bestimmter Functions- 
storungen, Leipzig, Verlag von Wilhelm Englemann, 1903 

8 Trendelenberg, W Ueber ein Wegfall der Compensatorische Ruhe am 
Spontan Schlagenden Froschherzen, Arch f Anat u Physiol , Physiol Abt , 

1903 

9 Hoffman, A Ueber Verdoppelung der Herzfrequenz nebst Bemerkungen 
zur Analyse des Unregelmassigen Pulses, Ztschr f klin Med 53 1904 

10 Volhard, F Ueber Ventriculare Bigemnue ohne Compensatorische 
Pause Durch Rucklaufigen Herzkontraktionen, Ztschr f klin Med 53 475, 

1904 
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from Reti ograde Ventnculo-Auncular Contraction,” in his Figure 8 
mterpiets the tracing as an interpolated contraction By accurate 
measurements of the radial cuive m this figure it is obvious that a 
pairing of piemature beats occurs, no interpolation taking place Pan 11 
shows two striking demonsti ations of the n regularity In his Figui e 15, 
a tracing fiom the cubital artery, mtei polation occuis, the beat failing 
to appear in the spliygmograpliic curve The succeeding normal beat 
is delayed and decreased m amplitude Theie is also shown \ery 
clearly in Figure 23 the failure of an intei polated beat to leach the 
wnst, with mailced delay and decrease in size of the next noimal wave 
Hay’s little volume 12 contains three cui ves with all the interpolated 
beats coming through, the next, noimal beats being only slightly smaller 


* 



Fig 4 — A ladial curve of A illustrating what at first glant/e might be 
called a short paroxysm of tachycardia On closer inspection it proves not to 
be The first beat of the run of four is normal, the second, interpolated, the 
third normal (slightly retarded) and the fourth a ventricular premature con- 
traction with compensatory pause 


Fig 5 — Radial tracing of E D showing an arrhythmia due to numerous 
interpolated contractions, in the last half of the tracing occurring every third 
beat and giving rise to a well-marked pseudo-alternation There is delay in 
the small beats with non-appearance of the interpolated beats In the middle 
of the tracing two of the interpolated contractions are clearly seen At the 
beginning of the tracing there is an ordinary bigeminal pulse due to ventricular 
premature contractions every second beat, followed by compensatory pauses 

than the pieceding normal pulse waves Piolongation of the As- V s 
interval following the interpolated beat is discussed by this autlioi 
Laslett, 1,5 m discussing a case showing the “Regular Occurrence of 

11 Pan, O Ueber das Verhalten des Venen Pulses bei den durcli Extra- 
systolen verursachten Unregelmassigkeiten des menschlichen Herzens, Ztschr. 
f Exp Path u Therap 1 57, 1905 

12 Hay, J Graphic Methods in Heart Disease, 1907 

13 Laslett, E E The Regular Occurrence of Interpolated Extrasystoles, 
Heart 1 83, 1909-10 
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Fig 6 — An electiocardiogram, Leads I and III, of E D Three interpo- 
lated contractions appear in Lead I and following each the P-R interval is 
slightly lengthened Three interpolations are seen also in Lead III This 
electrocardiogram confirms the interpretation of the radial tracing of Figure 5 
Abscissa = 02 sec , ordinate = 10-4 volt These same measurements apply 
to the electrocardiograms following 



Fig 7 — Simultaneous electrocardiogram (Lead II) and sphygmogram from 
radial artery (E D ) This and the three following figures are from the 
same patient, all taken on the same occasion Here is seen the appearance of 
premature ventricular contractions at two points , in neither instance does 
the beat show in the radial curve 



Fig 8 — Simultaneous electrocardiogram (Lead II) and arteriogram (radial) 
(ED) which shows a perfectly regular radial pulse with a rate between 
40 and 50 per mm , the result of the regular occurrence of premature ventricular 
contractions every second beat, failing to reach the wrist 
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Intel polated Extra-Systoles,” states that the maiked piolongation of 
the As-Vs interval following the interpolated beat does not seem to be 
the rule, the exact significance of this factoi with regard to the ongin 
of the compensatory pause not being clear An excellent illustration of 
pseudo-alternation due to mtei polated beats eveiy thud beat, not reach- 
ing the radial curve, is given by Gallavaidin and Giaviei 11 The small 
normal contractions are consideiably delayed An mcouect interpreta- 
tion by Mackenzie m his “Diseases of the Heart” 15 (p 208, Fig 118), 
is indicated by analysis of the jugular pulse tiacmg Undoubtedly, the 
delay in the appeal ance of the normal beat, marked by Mackenzie as 



Fig 9 — Simultaneous electrocardiogram (Lead II) and radial curve (ED) 
A short phase of normal rhythm is interrupted by an interpolated contrac- 
tion, which irregularity persists throughout the remainder of the tracing The 
occurrence of the interpolated beats every third beat and their failure to come 
through to the radial artery gives a characteristic picture m the sphygmogram 



Fig 10 — Simultaneous electrocardiogram (Lead II) and radial tracing 
(ED) Interpolated contractions occur regularly every third beat producing 
\ery prettily a picture of constant alternation in the sphygmogram With the 
electrocardiographic curve as a guide in this case, the interpretation of the 
arteriogram is very simple 


14 Gallavardin, L, and Gravier, L Quelques Particulai ites de l’Alternance 
du Pouls Variete du Pouls Pseudoalternant, Couples Evtra-systohques ct 
Alternances, Changements de Sens Spontanes de l’Alternancc, Arch d mal 
du Cocur 7 497, 1914 

15 Mackenzie, J Diseases of the Heart, Ed 3, 1913 
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the second ; ', misled him The high wave m the jugular pulse during 
the long radial intermission is made up of a and c and not a alone or 
a and v There occurred here an alternation of the normal and prema- 
ture beats, the first premature beat interpolated and the second follow- 
mg by a compensatory pause but failing to reach the wrist In “Clinical 
Cardiology” 16 Neuhof published a radial tracing (Fig 153, p 71) the 
small beat of which he refers to as “an extrasystole which is not pre- 
mature”, the disorder is almost certainly due, however, to the inter- 
polation of a contraction which failed to reach the wrist, but which 
reduced m size and delayed the next normal beat Lewis 17 gives a 
few curves showing interpolation Figure 165, page 208, in his new 
edition, is an electrocardiogram in which there are two interpolated 
contractions, with very slight As-Vs lengthening following them 
Also, Figure 164, page 208, a simultaneous record of electro- 
cardiogram, phlebogram and sphygmogram, contains a single inter- 
polated beat This fails to change the sphygmogram, except to 
delay the next normal wave about one-tenth second Length- 



Fig 11 — A sphygmogram of S showing four beats of the normal rhythm 
followed by an interpolated contraction The succeeding beat, the normal, 
is slightly delayed and decreased m amplitude Time intervals 02 sec In 
all further arteriograms the same time interval is recorded 

ening of the P-R interval occurs Lewis states that the reason for 
the prolongation is obscure since the extra beat has not been propagated 
through the A-V bundle However, it may have traversed the A-V 
bundle and been stopped at the aunculo-nodal junction which is the 
point of greatest retardation in the A-V conduction Lewis’ statement 
that the larger the pulse wave of the interpolated beat, the smaller is 
the succeeding pulse, is not always borne out (see our own Figure 1) 
Figure 98, page 150, of Lewis’ new edition, 17 an experimental curve 
from the dog’s carotid simulates very closely the picture produced in 
man by an interpolated beat failing to reach the wrist followed by a 
weak normal wave A simultaneous curve taken directly from the 
ventricle proves that the weak beats are much delayed premature ven- 

16 Neuhof, S Clinical Cardiology, 1917 

17 Lewis, T Mechanism and Graphic Registration of the Heart Beat, 1920 
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tricular contractions, and not due to normal beats delayed as the result 
of interpolated contractions winch failed to reach the carotid This 
possibility must be kept in mind in the arterial tracings from man, 
although, as Lewis states, “it is but rarely responsible for an inaccurate 
interpretation ” 

OCCURRENCE 

Among 5,000 electrocardiographic plates taken of 2,392 subjects in 
the Cardiogi apluc Laboratory of the Massachusetts General Hospital 
from 1914 to 1920, ventricular premature beats occurred in 284 plates 
of 200 patients, not including the ectopic beats of auricular fibrillation 
or of complete heart block They were interpolated in twenty-four of 
these plates (8 per cent ), and m fourteen patients (0 6 per cent of total 
patients, and 7 per cent of cases showing premature beats) After for- 


Fig 12 — Radial curve beginning as bigeminj due to interpolated contrac- 
tions every third beat, failing to reach the wrist Then follows a phase of 
normal rhythm, a premature ventricular contraction with compensatory pause, 
and an interpolated beat, which does not come through 


Fig 13 — A sphygmogram in which an interpolated contraction occurs imme- 
diately after the fourth beat of the normal series and fails to show in the 
curve A delayed small normal beat follows , then a run of four normal 
waves and the process is repeated Two more normal beats come through 
and we see the same anomaly again The last two interruptions are the 
result of premature contractions of the ventricle with compensatory pauses 

ty-two interpolated beats of these fourteen patients, there was definite 
prolongation of the P-R interval , in three instances there was no prolon- 
gation, and m thirty-four the prolongation was questionable In one 
case it was observed that m the presence of sinus arrhythmia associated 
with interpolated beats, during the rapid rates of the auricular pace- 
maker, the P-R interval was much delayed, but that it was normal or 
only slightly delayed during the slower intervals 

The significance of the interpolated beat is just that of the prema- 
ture ventricular beat generally— that is, the interpolated beat is evi- 
dence of an irritated heart, but not necessarily of heart disease Its 
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piesence adds nothing- to the prognosis of a given case Of our four- 
teen patients, six showed evidence of heait disease, four were ques- 
tionable, and the other four showed merely an irritated heart One of 
the last four, (Figs 5, 6, 7, 8, 9 and 10) has had an intermittent pulse 
for fifteen years, but has had no other cardiac symptoms than the 
occasional palpitation The interpolated beat is merely a rare variety 
of premature ventricular contraction Nearly every case showing it 
also shows at other times the usual ventricular premature beat with 
compensatory pause The slower the pulse the more apt is the ventric- 
ular premature contraction to be interpolated, for in such an instance 
the ventricle will have recovered from its refractory phase following 
its interpolated contraction when the next normal auricular impulse 
reaches it 

DIFFERENTIAL DIAGNOSIS 

The intei pointed beat m the arteriogram must be differentiated 
especially from two other conditions with which it is apt to be con- 
fused These are ( 1 ) the occurrence of successive ventricular prema- 
ture contractions, and (2) pulsus alternans In the historical resume 
i we have already mentioned this possibility of confusion Without 
venous pulse tracings or electrocardiograms the diagnosis may at times 
be difficult 

Often the analysis of the radial tracings where interpolation occurs 
is simple, the interpolated beat fitting m between two normal beats 
with ver}'- little delay in the time or decrease m the amplitude of the 
second normal beat (Fig 11) The occurrence of two successive ven- 
tricular beats is uncommon In the Cardiographic Laboratory of the 
Massachusetts General Hospital, among 260 electrocardiograms of 
186 patients showing premature ventucular contractions (not including 
those showing interpolated beats together with premature ventriculai 
contractions with pauses) pairing of these premature beats was found 
in twenty-one plates There was a total of ninety-eight instances of 
pairing, seventy-four of these having occurred in nine plates of one 
patient Theiefore, leaving out of consideration this one case m which 
they occuned so fiequently, we have the appearance of consecutive 
premature contractions twenty-four times m only twelve out of the 251 
different plates of 185 patients Among these ninety-eight instances 
where pairing occurred, accurate measurement was possible in only 
sixty-five, and in only six of these did the interval during the pairing 
equal the space between two normal beats In three instances the 
mteival was equal to the space between three normal beats, which con- 
dition cannot occur in the case of interpolated beats In the other 
fifty-six instances the space over the pair was unequal to either two or 
three normal beats but fell between these two measurements or between 
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the measurements of three and four normal beats, 18 When m doubt, 
an electrocardiogram is necessary to distinguish between the inter- 
polated beat disorder and the occurrence of a pair of ventricular pre- 
mature beats 

The second condition which may be confused with interpolated con- 
tractions is constant alternation of the pulse, m which the weak beats are 
considerably delayed (Figs 5, 10 and 12) This difficulty occurs rarely, 
because it necessitates the absence m the radial pulse of all evidence of 
the interpolated beats themselves In such a case an electrocardiogram 
or jugular pulse tracing clears up the situation at once We have 
found constant alternation much more common than constant pseudo- 
alternation due to interpolated beats In only two cases have we dis- 
covered this type of pseudo-alternation, a possibility rarely recognized 



Fig 14 — Tracing from radial artery Near each end of the curve two 
very small waves are seen These are the normal contractions which have 
been preceded by interpolated beats failing to show in the tracing Near 
the center the two long intermissions are produced by ventricular premature 
contractions, failing to reach the artery, and followed by full pauses 



Fig 15 — A sphygmogram of T O illustrating a premature ventricular beat 
of the usual type, it being at the first point of interruption of the regular rhythm 
in the tracing Then follow three normal beats In the remainder of the 
curve four interpolated beats varying m amplitude occur, and m each instance 
a small delayed normal contraction follows 

A third possible source of error in the analysis of radial tracings in 
arrhythmia due to interpolation is the infrequent return to one-to-one 
rhythm for three beats in long stretches of two-to-one auriculoventnc- 
ular heart block In both instances the time of the two short intervals 
is greater than that of one long space because of the increase in the 
P-R interval In such rare instances electrocardiograms or jugular 
pulse tracings are necessary for differentiation We have seen one 


18 This break m the dominant rhythm is due to retrograde contraction of 
the auricle following one or the other or both of the ventricular premature beats 
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such case of heart block which might be confused with the interpolated 
contraction, but the radial pulse was not of characteristic form 

A fourth arrhythmia to be differentiated from the interpolated beat 
m the arteriogram is the premature ventricular contraction occurring 
at every fourth beat and failing to reach the wrist Here, also, venous 
pulse tracings or electrocardiograms quickly differentiate, but the 
arteriogram itself is usually quite different m form from that of the 
interpolated beat arrhythmia in that the beats of the normal rhythm 
are evenly spaced and uniform in amplitude, which is not the case in 
interpolation 

A fifth condition to be considered in the differential diagnosis are 
short runs of paroxysmal tachycardia Occasionally, one finds inter- 
polated beats occurring ever}' other beat, as in Dresbach and 
Munford’s 1 case, and for a few beats in our Figure 3 In this figure 
two such interpolated beats are shown, and the third beat is followed 
by a compensatory pause The pulse, upon palpation or auscultation 
of the heart, would have shown in this case six beats in rapid suc- 
cession and might have simulated a short paroxysm of tachycardia In 



Fig 16 — An electrocardiogram of S T in which one interpolated contrac- 
tion occurs after the fourth beat of the normal rhythm The large wave 
succeeding results from the falling together of the T and P waves Note the 
lengthening of the P-R interval after this contraction 

Figure 4 there is shown a short phase of four beats in rapid succession 
Here the interpretation undoubtedly is as follows the first of the 
four is normal, the second is an interpolated contraction, the third is 
normal, and the fourth a premature ventricular contraction followed 
by a compensatory pause 

Figures 13 and 14 illustrate two radial pulses difficult at first glance to 
interpret In Figure 13 two long pauses appear in the tracing, one with 
a poorly marked premature beat in evidence, while in the other a prema- 
ture beat takes place but is not forcible enough to come through and 
appear m the curve At the beginning and middle of the tracing are 
three delayed and diminished beats which follow interpolated contrac- 
tions too weak to reach the radial artery It is this abnormality in 
the arteriogram which has puzzled a good many students but which 
is perfectly typical and easily recognized as soon as one is familiar with 
it Figure 14 shows likewise two small beats which are the normal 
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contractions following interpolated beats, not reaching the wrist Two 
long intermissions are also seen due to premature ventricular beats 
with compensatory pauses These also do not appear 

Figures 7, 8, 9, and 10 are tracings from a single patient who has 
shown various forms of arrhythmia of the pulse as a result of prema- 
ture ventricular and interpolated beats In Figure 7 are shown simple 
premature beats with pauses, the beats not coming through to the 
wrist Figure 8 shows the regular occurrence of premature contrac- 
tions eveiy second beat, none of them being forcible enough to produce 
a wave It illustrates 'a slow, dead regular pulse the palpation of which, 
alone, at this particular time would not suggest the presence of pre- 
mature beats In Figure 9 we note the onset of a phase of arrhythmia 
due to interpolated beats, every third beat not coming through And 
Figure 10 shows a continuation of this same rhythm These last two 
illustrations show in a very clear manner the mechanism of the usual 
effect on the radial pulse of interpolated beats and illustrate one type 
of pseudo-alternation If the reader will familiarize himself with the 
arrhythmia found in these figures he will save a good deal of effort 
m the future in analyzing such curves 

SUMMARY 

There is here given a brief historical review of the subject of inter- 
polated beats Figures are given stating the frequency with .which 
interpolated beats and premature ventricular contractions have been 
found in the graphic lecords of the Cardiographic Laboratory of the 
Massachusetts General Hospital Points m regard to the differential 
diagnosis of this form of arrhythmia are discussed, the five conditions 
from which it must be differentiated in the arterial pulse being first, 
the occurence of two premature ventricular beats in succession, second, 
constant alternation of the pulse in which there is a delay m the weakei 
beats , third, auriculoventricular heart block associated with an occa- 
sional return to one-to-one rhythm for three beats in long stretches of 
two-to-one rhythm , fourth, arrhythmia due to the premature beats every 
fouith beat which fail to appear in the arteriogram, and fifth, shoit 
paroxysms of tachycardia Emphasis is laid upon that type of tracing 
which is most frequently misinterpreted, namely, where m the course 
of a phase of regulai rhythm there occurs an interpolated beat which, 
not showing in the curve, causes a delay and diminution in the size of 
the next normal wave Insufficient emphasis has been put in the past 
on this abnormality in the arteriogram, and it is on this that we lay 
special stress 



BOOK REVIEW 


PRINCIPLES OF HUMAN PHYSIOLOGY By Ernest H Stvrling, 
C M G , F R S , etc , Jodrell Professor of Physiology in University Col- 
lege, London The chapter on the sense organs revised and largelv 

rewritten by H Hartridge, M A , MB, Cantab Ed 3, with S 79 illustra- 
tions, 10 m color Philadelphia, Lea & Febiger, 1920 

The success of Starling’s Physiology, as shown by reaching a third edition 
in eight years, is to be explained by the author’s high standing as experi- 
menter and teacher, by the clearness of the statement and well chosen arrange- 
ment of the work, and these warrant its use by beginners There is one curious 
feature, over 100 pages, or almost one-eleventh of the total space, is devoted 
to vision Perhaps, the vagaries of the medical book trade are to blame for 
this , perhaps, lack of time to condense the material into space proportionate 
to that of other topics In strong contrast to this large chapter, the ear and 
its associated organs are discussed in a few pages Perhaps, Barany’s work 
was made too prominent by certain specialists during the war, but that seems 
all the greater reason why a clear and authoritative summary should be given 

Readers of the Archives of Internal Medicine are not much interested in 
a work on physiology prepared for beginners When a large volume appears, 
they turn to it for definite reasons They may wish to review again the whole 
subject If so, they will find much of interest m the chapters on the Struc- 
tural Basis of the Body and on the Material Basis They will be interested 
in seeing that the word “proteid,” preferred by some writers, is avoided by 
the author on account of its misleading use They will find much clarifying 
discussion on colloids, ferments, electric changes in muscles and nerves Those 
who seek information on topics much written about in current journals, but 
little known in undergraduate days, will often be disappointed The chapter 
on metabolism is clear, concise and accurate as far as it goes, but of little 
assistance to the physician who wishes to get his knowledge abreast of the 
times by taking a laboratory course One who is puzzled by statements about 
respiratory quotients, for example, will have trouble coordinating the informa- 
tion scattered over several different sections Everywhere the lack of refer- 
ence will disappoint the mature reader, or in fact, anyone qualified to read a 
textbook of 1300 pages The brief remarks on vitamins is characteristic of 
many parts that read like abstracts noted for further elaboration The prac- 
titioner or the young researcher who seeks an up to date presentation of the 
subject of digestion will find a praiseworthy impartiality as to the identity of 
rennm and pepsin He will find mention of Pawlow, even a reference to the 
English translations of the work on the digestive glands, also to Cannon, 
but of other, more recent writers, not a word Clinical references are con- 
spicuous by their absence It is all the more striking to find under “gout” 
the statement that “in normal individuals the amount of uric acid m the blood 
is too small to be detected ” The reader seeking recent light on the D N 
ratio will look in vam in the index, but will find the subject well stated in 
the chapter on the history of fat m the body Alkaline reserve and hydrogen 
ion concentration are adequately presented Can the young clinical pathologist 
get any satisfaction from the statement that blood platelets are “precipitates 
produced m the plasma directly it undergoes alterations”' 1 Should not the 
fact that there is an auscultatory method m blood pressure determination be, 
at least, indicated' 1 The older practitioner, puzzled by the flood of electro- 
cardiographic papers, and burning to Starling for the explanation of auricular 
fibrillation, will find nothing m the index and little in the text That little is 
good, though dogmatic and undocumented Extrasystole does not fare so well 
If the author knows the record of pulse rates of 30 and 120 m men otherwise 
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perfectly healthy, references would seem worth while Very satisfactory are 
the chapters of cellular and chemical methods of defense, also that on the 
chemistry of the respiration, as was to be expected The author is rarely 
finicky, but what else can one call it when he criticizes the common use of 
“expiratory dyspnea” Perhaps, it is a slip of the pen that translates 37 C 
as 984 F instead of 986 F The chapters on urine are good, Cushny’s work 
being mentioned often That on the ductless glands is too short On the 
whole, Starling is not likely to be used much after undergraduate days Per- 
haps, the belief that it will not be used explains the poor paper and the flimsy 
binding, or is the latter an indication of sabotage ? The reviewer’s copy has 
the text fastened to the back only by what looks like mosquito retting 
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STUDIES ON THE RESPONSES OF THE CIRCULA- 
TION TO LOW OXYGEN TENSION 

III CHANGES IN THE PACEMAKER AND IN CONDUCTION DURING 
EXTREME OXYGEN WANT AS SHOWN IN THE HUMAN 
ELECTROCARDIOGRAM ! 

CHARLES W GREENE, PhD, and N C GILBERT, MD 

COLUMBIA, MO CHICAGO 

Anoxemia m the normal man can safely be earned to the stage of 
unconsciousness when pioduced by the process of continuous and 
gradual reduction of the oxygen m the air bieathed The responses 
of the body to the gradual oxygen reduction are compensatory to a 
certain limit The crisis appears pi omptly when the compensating limit 
is reached for any particular person and set of experimental condi- 
tions until in rapid succession the following states are passed ( 1 ) 
Decrease and loss of attention, (2) loss of voluntaiy control of 
muscles, and (3) complete unconsciousness but with a degree of 
reflex conti ol of voluntary muscles The heart beat and respiratory 
movements persist through these three cycles The degree of circula- 
tory efficiency at the onset of unconsciousness is adequate for the 
moment, but is assumed, in general, to be failing rapidly 

We have applied the methods of the electrocardiogiaph to the study 
of the changing function of the human heait through all stages of 
the symptoms of low oxygen from the normal to unconsciousness and 
collapse Twenty-one cases aie recorded m this paper 

The physiology of the human at high altitude has received con- 
sideration for the last half century, and the literature is now rather 
definite and in harmony as to the mam causal explanations The 
reader is referred to the phenomena described as mountain sickness by 
mountain climbers, or altitude sickness of balloon men, and to the 
corresponding symptoms detailed by those who have investigated the 
pioblem of low pressure chambers and of airplanes The work of 
Paul Bert, 1 published in a series of scientific papers at intervals from 
1871 to 1874 and in book form 2 m 1874 (summary) and 1878, of 

* The experimental data detailed in this paper were obtained in a special 
study carried on under the orders of the Surgeon-General’s Office, Division of 
Aeronautics 

1 Bert A series of thirteen articles published from 1871 to 1874, Compt 
rend Acad d sc 73 213, 503, 1871, 74 617, 1872 , 75 29, 88, 491, 543, 1872, 
76 443, 578, 1276, 1493, 1873, 77 531, 1874, 78 911, 1874 

2 Bert La Pression Barometrique, etc , Paris, 1874 and 1878 
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Mosso,® of Zuntz, 3 4 5 6 and the more exhaustive Pike’s Peak studies of 
Douglas, Haldane, Hendeison and Schneidei,® have given the facts 
in the physiologic lesponses of the body in great detail This accumu- 
lated altitude physiology became of immediate practical value with the 
development of the aviation piogram of the United States, and served 
as the scientific basis for the establishment of the Medical Research 
Laboratory of the Air Service 

Instances of unconsciousness developed in the an are 1 elated by 
men in the Air Service Many aviation fatalities aie thought to be 
due to this cause Instances of unconsciousness 01 paitial unconscious- 
ness with physical distress developed at high altitudes have ended m 
lecoveiy on descent to lowei atmosphenc levels The experimental 
observations of the Medical Research Laboratory lecoided in the Air 
Sei vice .Medical 0 support the view that these problems of altitude aie 
not so much the effects of decrease in barometric pressure, or of 
temperature changes, but are pnmaiily due to oxygen want 

The caidiac accelei ations of rate due to piogressive oxygen want 
weie first described by Beit 7 8 9 m the expenmental pioduction of low 
atmospheric piessuie in the low piessure chambei Beit showed also 
that the accelerations were removed on giving oxygen m the chamber 
The changes m rate are given in fuller detail with numerous illustra- 
tions, both foi the low piessure chambei and the lebreather, by 
Schneidei,® Whitney 0 and moie fully in the An Service Medical 
Coincident changes in blood pressure, lespnatory volume and alveolar 
an have been compared by Lutz and Schneider 10 and by Gregg, Lutz 
and Schneider 11 The summauzed facts and interpretative views may 
be stated catagorically for the heart as follows The lieait rate aug- 
ments dunng oxygen reduction Acceleration is slight and very grad- 
ual in the early stage of reduction, becomes moie pronounced at from 
15 to 12 pei cent oxygen, and very profound at the lowest limit of 
endui ance by the individual, which may i each 7 oi even 6 per cent , 
fiom 53 to 45 mm partial pressure, in men of the highest oxygen 
resistance Ideart stiam with dilation, cnculatoiy collapse and faint- 
ing are described and emphasized by Whitney as a terminal condition 
to be avoided 


3 Mosso Life of Man on the High Alps, London, 1898 

4 Zuntz, Loevvy, Muller and Caspari Hohenklima und Bergewanderung, 
etc , Berlin, 1906 

5 Douglas, Haldane, Henderson and Schneider Phil Tr Roy Soc , London, 
Series B, 203 271, 1913 

6 Air Service Medical U S War Department, Government Printing 
Office, 1919 

7 Bert Compt rend Acad d sc 78 911, 1874 

8 Schneider J A M A 71 1384 (Oct 26) 1918 

9 Whitney J A M A 71 1389 (Oct 26) 1918 

10 Lutz and Schneider Am J Physiol 50 228, 280, 327, 1919 

11 Gregg, Lutz and Schneider Am J Physiol 50 302, 1920 
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Of the points summarized, the variations in heart rate may be 
accepted without question The seven thousand and more records of 
official tests of aviators substantiate these facts On the other hand, 
the cardiac dilation assumed on the basis of percussion has been more 
and more strongly questioned as the tests have accumulated The 
determination of relative cardiac volume, minute by minute, is, in fact, 
fraught with great difficulty The usual palpation and percussion 
methods are scarcely accurate enough to decide the point The roent- 
gen-ray method yields results that must be correlated with the phases 
of both the cardiac cycle and the respiratory movement, which for the 
moment vary the size of the heart Majors Le Wald and Turrell 12 
have applied ingenious devices to secure photographs at corresponding 
phases of the heart and respiratory cycles in their roentgen-ray studies 
of the size of the heart during progressive low oxygen induced by 
the rebreather method They find little evidence of change of heart 
volume This finding accords with the measurements of the circulation 
volume by Schneider and Sisco on Pike’s Peak, 13 data from which the 
conclusion was drawn that the heart volume does not change with the 
increase of rate up to the altitude of Pike’s Peak, le, 14,110 feet 
However, 14,000 feet does not reach the straining limits of compensa- 
tion for the average vigoious man From 20,000 to 30,000 feet, and 
more, must be reached to produce the extreme vascular changes 
Le Wald and Turrell describe one case of unconsciousness at the 
moment of a roentgen-ray exposure This heart was not dilated On 
the contrary, its outlines and volume were notably less than those 
shown by pictures taken at earlier stages of oxygen want from the 
same officer 

TI-IE ELECTROCARDIOGRAPHIC METHODS 

Electrocardiograms offer an added appioach to the state of the 
heart under oxygen want The method cannot lay claim to even a 
probable solution to the heart volume problem But it ought to yield 
facts of value to the interpretation of the physiological state of the 
heart under extreme low oxygen stress and the possible source of the 
collapse m the circulatory system 

The electrocardiographic method is the present reliance for the 
determination of the following points in heart physiology 

1 The place of origin of the automatic excitation process 

2 The state, rate and direction of conduction of the excitation over 
the heart 

3 The degree of coordination of different parts of the heart 

4 The character of extra systoles of diverse types 

12 LeWald and Turrell Am J Roentgenol 7 67, 1920 

13 Schneider and Sisco Am J Physiol 34 1, 1914 
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The oxygen want test was given to twenty-one individuals from 
whom electrocardiograms were taken at stated intervals during the 
tests The experiments were made at the U S General Hospital 
No 9, at Lakewood, N J , March 5 to 12, 1919 All the necessary 
rebreather apparatus and the staff of assistants were taken to the Lake- 
wood Hospital from Hazelhurst Field, Long Island This secured to 
us the facilities of the excellent electrocardiographic station at Hos- 
pital No 9 

The procedure was, in brief, to give the official rebreather test on 
the Larsen-Pierce type of rebreather During the test the systolic 
and diastolic blood pressures, the heart rates, the respiratory move- 
ments, the respiratory minute-volumes, and the clinical state of the 
individual were all taken as described in the statement of methods in 
the various papers from the Medical Research Laboratory 

Electrocardiograms were taken for periods of about twenty seconds 
each, at five minute intervals, until the critical period or final failure 
of compensation approached In most tests the interval was reduced 
to two minutes after the twentieth minute At the critical moment 
and on signal from the clinician, a continuous electrocardiogram was 
taken until the end of the test A final tracing was then taken after 
one or two minutes, and while recovery was in progress Occasionally, 
due to the rapid onset of symptoms of oxygen want, the terminal 
tracing was missed, or the last asphyxial tracing was extended across 
to the recovery period Through the hearty cooperation of the enlisted 
personnel of the Lakewood Hospital, splendid rebreather tests were 
carried to the limits of consciousness, and in several instances even 
beyond the point of complete loss of motor control by the central 
nervous system 

Loss of continuous attention and of voluntary motor coordination 
are the usual signs for terminating an official rebreather test But 
heart and circulatory compensations continue several seconds longer, 
l e , certainly until complete unconsciousness occurs This is the rule 
In exceptional cases, circulatory failures of compensation rather than 
failure of nervous coordinations occur at relatively high percentages 
of oxygen 

The official psychologic and ocular tests in use at the central labor- 
atory at this time were abandoned as unnecessarily complicating this 
research In judging the safe terminal limits of endurance, reliance 
was placed on the recorded evidences of compensations of respiratory 
volume, the coincident heart rate and blood pressure, and the general 
clinical signs of distress The men who take this test, even to the 
limit of unconsciousness, recover very promptly after one or two inhala- 
tions of ordinary air The delay is only a question of a few seconds, 
and the subject tested cannot believe that he has not been continuously 
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conscious Friendly and keen rivalry among the men at Lakewood 
often led to protest that they had not yet reached their altitude limits, 
which indicates the absence of physical stress 

GENERAL EXPERIMENTAL RESULTS 

Our results are presented in two groups First, and briefly, the 
general observations necessary to the interpretation of the electrocardio- 
graphic results , second, the details of the changes in the heart recorded 
by the electrocardiograph The general changes have to be kept clearly 
in the foreground that one may correctly interpret the changes in the 
heart itself 

By our method we not only record the electrocardiograms but also 
the respiratory rate, amplitude and volume We take clinical observa- 
tions of the heart rate and measure the blood pressures every minute 
by the sphygmomanometer method The clinical aspect of the changes 
we present by a series of protocols and graphic charts (Figs 1 to 7) 
Numerous published typical charts of this test are available in the Air 
Service Medical 6 Only the cases of special interest m our series are 
charted here 

The chart presented for H B D (Fig 1) serves very well to 
emphasize the critical points in the interpretation of the clinical results 
His heart rate gradually increased from a minimum of 82 per minute 
to a maximum of 114 in the twenty-sixth minute when the break 
occurred The systolic blood pressure increased during the run from 
128 mm to 152 mm at the break The diastolic pressure ran evenly 
enough at 70 mm to the nineteenth minute, then progressively and 
rapidly fell to 50 at the break, 34 at the last reading Up to the point 
of breaking, this record is a fairly typical one in regard to the com- 
pensatory responses of the circulatory system Although the systolic 
pressure was always somewhat high for an average individual, the 
respiratory minute volume remained very low and irregular to the 
twenty-third minute, when it rapidly increased from 70 to 104 deci- 
liters per minute This was a strong test to 6 7 per cent oxygen, over 
29,000 feet equivalent elevation and over 27,000 feet when systolic 
pressure began to fall The weakest clinical factor is apparently in 
the respiratory apparatus which did not compensate enough to prevent 
collapse, unconsciousness, clonic spasms and circulatory failure 

Comparing the seven charts it is obvious that F J D (Fig 2) 
also failed because of the respiratory deficit J F (Fig 3) collapsed 
at 8 4 per cent oxygen from general failure of compensation m both 
blood vascular and respiratory mechanisms His systolic pressure 
decreased from the beginning There was some cardiac acceleration but 
absolutely no respiratory response The limit of the endurance of 
T H K (Fig 4) was over 28,000 feet, 7 1 per cent oxygen In his case 



522 


ARCHIVES OF INTERNAL MEDICINE 


there was inadequate circulatory compensation y The lowest oxygen 
endured in this series was W C M (Fig 5 )_ at 5 9 per cent altitude, 
over 31,000 feet This was accomplished largely by virtue of an extra- 
ordinary response of the respiratory apparatus and a rising blood 
pressure Even at that altitude (Plate 4) only the slightest shift in 
the locus of the point of origin of the heart beat occurred The 
collapse of T B M , like that of J F , was a failure of compensation in 
blood pressure Both systolic and diastolic pressure fell from the 
start The increase in heart rate and change in respiratory volume 
is not adequate as the final break showed The profound heart failure 
in D W O (Fig 7) came at the comparatively high oxygen level 
of 8 5 per cent This case is a fine example of a noncompensatmg 
type which endures oxygen want to its particular limit, then suddenly 
and without warning collapses 

The cases are fully illustrated because they fall in the class that 
gave cardiac breaks, and are all good tests for rather extreme low 
oxygen endurance In fact, 8 5 per cent oxygen is the highest of the 
lot And while the cause of failure is more or less easy to interpret, 
it is also true that the tests were deliberately pressed to the extreme 
to secure data on the postcrisis and collapse stage The cases are, 
therefore, not to be regarded as being pathologic 

The tests on seven out of twenty-one men examined gave valuable 
postcrisis data in cardiac behavior, and this data will be presented 
m full detail in the protocols 

ELECTROCARDIOGRAPHIC RESULTS 

The electrocardiographic data are presented m detail in tables of 
measurements of cardiograms taken at intervals during the tests and 
the tables are supported by photographs of selected pieces of electro- 
cardiograms The protocols, tables, and plates give the first published 
data on the terminal stress of progressive oxygen want on the human 
heart, an adequate justification for full presentation of the data Never- 
theless, we have many additional cases and much evidence in reserve 
supporting the cases presented 

Profound changes are revealed in the physiology of the heart m 
the seven extreme tests featured But take it all m all, the entire 
series shows a wonderful amount of endurance to oxygen want on the 
part of the human heart Rarely does any serious interference 
with the normal cardiac behavior occur up to the stage which marks 
the borderland between loss of individual efficiency and complete uncon- 
sciousness 

The R-R interval is, of course, a function of the heart rate The 
rate augments during the precrisis stage of the low oxygen test, at 
first slowly and then more rapidly This is the observation of fact 
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previously well established as a typical compensatory response of the 
heart during- the official altitude test 

The so-called sinus arrhythmia, present m most individuals, is 
accentuated during the early period of the altitude test in many This 
fact makes it difficult to select at random individual pulses m any 
two periods under comparison that represent exactly the same phase m 
the sinus variations On the whole, the cycles measured vary m 
fair agreement with the clinical increases in rate noted in the radial 
counts by twenty second intervals 

The oxygen left in the rebreather was determined at the close of 
each test In the graphs the terminal oxygen percentage is recorded 
over the minute at which the test was closed On the assumption 
that oxygen consumption was constant minute by minute, a straight 
line is drawn from the point on the chart at the beginning of the test 
at 21 per cent oxygen to the point in the scale representing the terminal 
percentage at the time of the close of the test This is the practice 
m recording the Air Service tests The percentage of oxygen at 
any minute m the test can be read off directly from the chart This 
method of reading is the one used in determining the oxygen of the 
air breathed at the various intervals at which cardiograms are shown 
in the plates 

PROTOCOLS OF OBSERVATIONS CONNOTING TERMINAL HEART 
FAILURE OF VARIOUS TYPES 

Protocol 1 — Sgt H B D , oxygen reached 6 7 per cent , time, 27 minutes, 
20 seconds 

The physiologic and clinical responses recorded minute by minute through 
the entire test are presented m Figure 1 The chart shows very good compen- 
sations through to the end of the twenty-sixth minute During the twenty- 
seventh minute, the systolic blood pressure fell sharply from 152 to 126 mm , 
and to 111 mm at the first blood pressure reading after the experiment In 
the interim, the systolic pressure had been lower, as indicated by the further 
rise of pressure to 134 mm on the third reading of the recovery 

The heart gave a fine compensatory increase of rate to the twenty-seventh 
minute The clinical chart indicates a gradual and normal return to the pre- 
experiment level However, the electrocardiogram taken after the twenty- 
seventh minute and just before the close of the test, shows a rate of only 70 
This rate dropped to 68 at the beginning of the recovery electrocardiogram 
(Fig 1, E-R) This electrocardiographic rate occurred between the last clin- 
ical test and the first recovery rate recorded The true curve, therefore, shows 
a sharp fall, to the marks E-R, and then a rise of 22 mm to the clinical 
recovery rate It is assumed that the fall in systolic blood pressure and m 
heart rate are, m fact, simultaneous although recorded m sequence 

The respiratory minute volume varied greatly, between 54 and 81 deciliters 
per minute to the twenty-third minute, an average between 65 and 70 During 
the last three minutes, the volume ran up to 103 deciliters, which in itself is 
good but not full compensation for the reduction of oxygen below 7 per cent 
During the first seven records, including the twenty-fourth minute, the 
electrocardiograms show the typical variations There was a decided sinus 
arrhythmia The extreme rates during the arrhythmia are indicated by the 



524 


ARCHIVES OF INTERNAL MEDICINE 


pairs of measurements in the tenth, fifteenth, twentieth, twenty-second and 
twenty-fourth minutes In the twentieth minute, oxygen 10 5 per cent, the 
sinus arrhythmia varied from 0 548 to 0 784 second per single beat, i e , theo- 
retical rates of 110 and 76 beats per minute These variations occur within the 
time between the sixth and sixteenth beats 

During the extreme changes in rate there is little change m the P-R interval, 
a maximum variation of 0008 second in this case On the other hand, the 
R-T shortens with the acceleration of rate, l e , as the oxygen decreases 
Apparently, it is the oxygen factor that is involved, since in the shorter beat 


Type of t^ tRe’broather 


Phys cond. at time of test- 


») 

e 


Mar oh 9 . 1919 

(Date tad Hoax) 



JUb. 


cW pf w Unconscious In clonic spasms that were, over ln.AOaec 


Recovery Gradual jeal£ t>ut rame 5 r.iimtoc _lator 

Remarks Weight 14-9 lbs Height 69 5 inches, muscular type. 


Observers Mai, Greene Pt, y «Mat. Gilbert Dm Sgt Jaffa.B.E . .Lt.Clffygh.Ec8 

On machin e Sgt. Oreis/t plotted by. Pvt Brown O, % start Si finish — QjT — 

Legend ■ — - — ■- 0 ,% • • * * Pulse o-o—o-o—a Resp in deed per min ■ 1 ■ 1 » Syst. B P 


Diast B P Pulse Pressure Accom in mm Convergence in mm 



Fig 1 — The clinical charts show the percentage of oxygen in the air breathed, 

oblique line , the heart rate, dotted line , systolic blood pressure, the top line , 
the diastolic blood pressure, the bottom line , and the volume per minute of air 
breathed, heavy line E R , the rate computed from the electrocardiographic 
record at the moment the test was closed and 20 seconds later The long spaced 
stipples indicate the heart rate shifts between the pre- and post-clinical rates 
as determined by the electrocardiogram The blood pressures in mm mercury, 
heart rates per minute, and deciliters of air per minute are indicated in the 
legend to the left, the percentage of oxygen to the right This legend answers 
for Figures 1 to 7, inclusive 
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given for the normal, 0 628 second, the R-T interval is 0320 second, whereas 
in the twentieth minute the pulse of 0 784 second duration shows an R-T 
interval of 0 300 second 

In the energy of the deflections, the P wave is comparatively constant The 
negative Q, which is present in this case, is relatively constant though it 
decreases with the onset of low oxygen The R also decreases in amplitude 
The S varies through a wide range The T is diminished by at 'least half 
and is somewhat lower in the pulses of shortest duration 

When the test reached 6 8 per cent oxygen in the twenty-seventh minute, 
decided changes occurred in the character of the electrocardiogram which are 
of greatest importance in tracing the onset of cardiac collapse They did not 


TABLE 1— Sgt H B D, March 9, 1919 

Time of run 27 minutes 20 seconds Pinal oxygen, G7 per cent 


B 

Time 

0\y 

gen, 

per 

Cent 

■Duration in Sec 

Amplitude in Mm 

Remarks 

R-R 

PR 

R-T 

P 

Q 

R 

S 

T 

1-5 

Normal 

21 0 

0 828 


0 320 

pi 

2 0 


40 

35 

Sinus arrhythmia 

1-21 

Normal 

210 

0 628 

yy 

0 320 


20 

16 0 

20 

40 

shown by variation 
of RR 

2-1 

5 min 

18 4 

0 540 


0 320 

D 

20 


25 

25 

Arrhythmia slow and 
marked 

3-1 

10 min 

15 7 



0 320 

KH 

1 2 


SO 

28 


3-7 

10 min 

15 7 

0 612 

0 144 

0 320 

1 6 

1 4 


20 

24 


4-5 

15 min 

13 1 

0 776 

0 144 

0 300 

4 6 

10 

15 5 

4 0 

EH 


4-1 

15 min 

13 1 


0136 

0 312 

20 

20 


30 

22 


5-6 

20 min 

10 5 

0 784 

0144 


16 


16 5 

45 


Long period arrhyth 

5-16 

20 min 

10 5 

0 548 

0136 


16 



20 

18 

min 

6-6 

22 min 

95 


0 136 

9 

1 5 



4 0 



6-16 

22 min 

95 


0144 




12 5 

20 

18 


7-1 

24 min 

84 

0 648 

0144 

MM 

1 8 


14 5 

30 


Sinus arrhythmia 

7-7 

24 mm 

84 


0 136 


1 8 

12 


2 5 



8-1 

26 min 

74 



11M 


1 6 


4 0 

22 


9-1 

27 min 

68 


none 

| 

none 

20 


1 0 


Colonic spasms at end 
of Experiment P not 

10-2 

Recovery 

21 0 

0868 

none 

fJ J 

none 

20 

|F:|il 

2 0 

3 4 

evident 

10-3 

Recovery 

21 0 

0 832 

none 

l 1 ! lYfl 

[fr • t 

1 6 


20 

32 


10-4 

Recovery 

210 

0 812 

none 

E'fl’ivfl 

i « 1 1 

1 6 

EftVil 

20 



10-5 

Recovery 

21 0 

0 7 GO 

Minium 


1 2 

00 

Er/.I 

20 



10-6 

Recovery 

21 0 


0128 

(.mi 


1 2 

14 5 

25 



10-7 

Recovery 

210 


0 144 

I'tiVl 


ED 

CO 

2 5 



10-8 

Recovery 

21 0 


EXEiil 

Mrrl 


10 

14 0 

34 

42 


10-9 

Recovery 

21 0 


0144 

I'i’rvJ 

18 


rail 

30 

KH 


10-10 

Recovery 

21 0 

0 888 

Q£I» 

Em ill 

EX1 

m 

13 5 

30 

io 


10-19 

Recovery 

21 0 

0 872 

0 128 

lji| 

1 6 

y 


30 

4 5 



come on until the approach of unconsciousness which was coupled in this 
man with intense clonic muscular spasms at the close of the test These clonic 
spasms are in themselves of special significance since the man was a vigorous 
neuromuscular type and in the best of physical condition 

A short cardiogram was obtained just before the experiment ended The 
heart rate had slowed down to between 75 and 80 per minute from a previous 
rate of 111 in the twenty-sixth minute The ventricular complexes are of the 
normal type Although the presence of extraneous currents from the clonus 
destroyed the regularity of the record no P wave could be detected It is 
apparent that in the unrecorded interval, the P wave had dropped out In 
other words, the smo-auricular pacemaker no longer gave evidence of func- 
tioning The normal type of ventricular complex shows that the auriculoven- 
tricular pacemaker controlled this rhythm This is a case of suppression of the 
smo-auricular beat, similar to Lewis’ experiment on the cat heart An alter- 
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native hypothesis would assume that the P wave is buried in some part of the 
R-S-T complex, but the ventricular complex is like the normal in amplitude 
and duration A careful comparison with the earlier normals gives no sug- 
gestion of a superimposed P wave occurring in any portion of the ventricular 
complex, although this does not preclude the possibility of such an inclusion 
If we assume that the P is completely suppressed, then we would have at the 
same time to accept the deduction that reversed conduction from the A-V node 
is also suppressed This point cannot be proven from this particular test, 
but a suppression of conduction does seem to occur m the test of Cpl F J D 
in whom there is dissociation of auricular and ventricular rhythms (Table 2) 
In the after period the first three ventricular complexes are not associated 
with P waves In the fourth contraction, there is a P wave with a P-R interval 
of 0 060 second Table 1 presents the series of measurements for the first 
ten contractions and the nineteenth or last of the series In the first, second 
and third, there is no evidence of an auricular contraction In the fourth beat, 
the P wave appears 0 064 second in advance of the R wave In the fifth it 
is 0 128 second, and in the succeeding sixth to the eighteenth beats the intervals 
are again normal, 0 140 second During this series the ventricular complex is 
normal m type It is constant m duration, namely 0 320 second A rather 
striking point is the acceleration of the rate with the reappearance of sino- 
auricular control of the contraction The rate accelerates through the equiva- 
lents of 68, 69, 72, 74, 81, 81, 86, 95, 94, then slows to 68, 71, 68, 68, 68, 70, 
70, 69, 69, during the reestablishment of the normal relations Progressive and 
gradual recovery of the pace-making function m the ascending direction is 
indicated During the suppression of the P wave, the origin of the beat is 
m the A-V nodal tissue In the fourth and fifth beats, it is higher up, and on 
and after the sixth beat it apparently occurs in the S-A node, as indicated by 
the normal conduction time The slower rate introduced at the tenth beat is 
indicative of returning vagal tonic control of the rhythm 


TABLE 2— F J D, April 9, 1919 


Time of run 24 minutes 26 seconds Final oxygen, 8 1 per cent 


Trace 

and 

Time 

Oxy 

gen, 

per 

Cent 


Duration in 
Seconds 




Amplitude in 

Mm 

No 


p-p 

R-R 


R-T 

P | 

Q 

1 R 

S 

r 

i-i 

Normal 

21 0 

0 920 

0 920 

0 344 

0 344 


none 

eh 

2 5 

+0 6 to —o 2* 

2-2 

5 mm 

18 4 

0 828 

0 824 

0 308 

0 360 


none 

96 

20 

+0 7 to —0 6 

3-2 

10 min 

15 8 

0 800 

0 804 

0 320 

0 360 

m v 

03 

94 

20 

+0 6 to —0 7 

4-6 

15 min 

131 

0 748 

0 744 

0 316 

0 344 


03 

90 

30 

4-0 6 to — 0 4 

5-1 

20 inm 

10 5 

0 800 

0 792 

0 296 

0 328 


08 

92 

30 

+0 2 to —0 8 

6-2 

22 min 

94 

0 728 

0 716 

0296 

0 336 

1 8 

04 

90 

32 

+0 6 to —0 8f 

7-1 

24 min 
"off” 

81 



0 308 

0 336 

1 0 

trace 

90 

30 

+0 7 to -0 2 

8 

Last pulse 

21 0 



0 314 

0 342 

20 

none 

90 

Kjpg 

—0 2 to — tr 


Five sue 

81 

0 680 



0 336 

1 0 


90 

30 

+0 7 to —0 2 

ffil 

cessive 

8 1 

0 728 

0680 


0 344 

1 5 


90 

30 

+0 8 


pulses in 

81 

0 784 

0 692 

0 212 

0 320 

1 5 

trace 

80 

2 4 

+0 6 

7-4 

the 24th 

81 

0 896 

0 716 

0112 

0 320 

1 6 

trace 

80 

30 

+0 4 

7-5 | 

minute 

81 

0 960 

| 0 740 

0 048* 

0 340 

1 6 

none 

80 

30 

+12 


* T = di phasic, in some pulses, +0 6 to —0 4 and more 
i Complete block developed See Table 5 T = di phasic 
t RrP interval 


Protocol 2 — Cpl F J D , oxygen 8 1 per cent , time 24 minutes, 26 seconds 
The clinical sheet of Cpl F J D shows compensations of the circulatory 
system to 10 per cent oxygen (Fig 2) The normal heart rate of 63 was 
augmented to 96 during the twenty-second minute, then fell sharply during 
the twenty-third and twenty-fourth minutes The systolic blood pressure was 
sustained to the end of the experiment, but diastolic pressure broke at twenty- 
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one minutes The electrocardiogram in the twenty-fourth minute shows the 
onset of complete heart block This is coupled with a slow ventricular rate 
It is interesting that the systolic pressure was maintained for a few moments 
in the presence of both slow heart rate and sharp diastolic break There was 
complete failure of compensation in respiration The very large minute volume 
of air breathed in the sixth and seventh minutes was due to a series of deep 
sighing inspirations In fact, the whole respiratory record was extremely 
irregular in tidal volume 


- Cpl.P.J.D. March 9. 1919 

(Name) (Date and Boar) 

Typecf totBebreather, Ble.fi trg Ca r_<5l9.ex.fiJ^ )tl0 n .24 mantes. £6 

Phys cond at Urne of test Q.« K.. but clinical history of heart block 

Exact condition at iT^'T^ Tery cyanotic but conacions i'i T 

Recovery Revived .instantly. 

Remarks _ -- Respirations vary e xtre nely In depth " 

" "Weight 150 lb's Height 70 inches 

Observers Mai.groene Fh) ., Maj Gilbert " ra,, Sgt.Oreist.B P L t C lough. r,cg 

On machiDci > S£--i Ift£ffi- Plotted b 0,% start~T^“ finish! ■ 

Legend O, % • Pulse o— ©~ o— o— o Resp m deed per xmn — * * ■« — Syat. B P 

« — — ■ — — Diast D P Pulse Pressure Accom in mm Convergence id mm 



Figure 2 


Eight electrocardiograms were secured Only slight changes in the form of 
the cardiogram occurred during the first twenty-two minutes There was a 
shortening of the P-R time associated with the increase in heart rate The 
normal time of contraction was 0 920 second, in the twenty-second minute, 
the last contraction of Figure 6, Plate I, the time of the beat was 0716 second 
Little change occurred in the time of the ventricular complex The conduc- 
tion time was exceptionally long, 0344 second in the normal tracing, which is 
two and one-half times the normal average 
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No striking changes occurred in the amplitudes of the different deflections 
However, the entire series of records show diphasic T waves In some por- 
tions a distinct U wave also occurred (Plate I, Fig 1, also m Fig 3) The 
long conduction time is suggestive of some possible lesion in the conducting 
tissue, with corresponding delay in the process 

In the twenty-fourth minute a change occurred m the rhythm which admits 
of some discussion The entire record secured at 8 1 per cent is presented in 
Figures 7 and 8, Plate I Inspection of this record shows that complete dis- 
sociation occurred The first P-R interval of the record is slightly less than 
the normal for the individual, and each succeeding interval is decreased in 
time At the same time, there is lengthening of the P-P interval, evidencing 
auricular slowing, while the R-R interval remains substantially the same, or 
does not increase m proportion Two possibilities are suggested first, that in 
the preceding unrecorded interval, conductivity had depressed, and that the 
dissociation is due to a final complete mternodal block Second, that the dis- 
sociation is due to the depression of the pace-making function of the sino- 
auricular node to a point below the rate of stimulus production inherent in 
the A -V node at that time, allowing the A-V node to assume the dominant 
rhythm Independent rhythm cannot be induced by this second process, except 
when re\erse block is present 


TABLE 3 — Cpl F J D Twenty-Fourth Minute Oxygen 81 Per Cent 

Giving the auricular intervals, P-P, and the ventnculars, R-R, and the time from the 
beginning of the auricular complex to the next succeeding ventricular complex The series 
includes all the beats during the twenty fourth minute, i e , from the beginning of complete 
block to the end of the test The block appeared at 8 1 per cent oxygen 


Ventricular 
Contraction 
Serial No 

Intervals in Seconds 

Computed Rates 

P-P 

R-R 

PR 

Auricular 

Ventricular 

1 

0680 

0 680 

0 28 

88 

88 

2 

0 728 


0 26 

82 

88 

3 

0 784 

0 692 

0 20 

76 

87 

4 

0 896 

0 716 


67 

84 

5 


0 740 



81 

c 


0 644 


62 

93 

7 

0 936 



64 

78 

8 

0 9S4 



61 

75 

9 




65 

75 

10 





75 

11 




68 

67 

12 


B1H 


68 

75 

13 




68 

97 

14 

0 824 



73 

80 

15 




73 

82 

16 

0 920 



65 

82 

17 


— 



82 

18 

0 840 



71 

82 

19 

0 860 


0 52 

70 

97 

20 

0 760 


0 32 

79 

86 

21 

0 740 


0 22 

81 

86 

22 



0 20 

75 

86 

23 



0 05 

64 

85 

24 


0 720 



83 

25 


0 664 

056 

65 

90 

26 


0 716 

0 30 

63 

84 


Whatever its etiology, dissociation clearly occurs In this record the P wave 
is seen to move through the ventricular complex four times which argues 
against A-V control of the auricular rhythm Table 3 shows a record of the 
measurements for the entire tracing The recovery tracing (Plate I, Fig 9) 
shows that the normal relationship has returned as regards the sequence We 
feel that a depression of the rhythmicity of the sino-auricular node is definitely 
shown In itself the record is insufficient ^wholly to justify this conclusion 
But when compared with suppression of rhythm in the auricles of other hearts 
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to be described later, and with the added evidence that in routine Air Service 
examinations a decrease in rate was frequently observed in acute oxygen want, 
we feel that our conclusion is warranted 

Protocol 3 — Pvt J F , final oxygen, 84 per cent , total tune, 21 minutes, 
56 seconds 

The clinical chart is of peculiar interest as a type showing sudden collapse 
at a comparatively high percent of oxygen, between 9 and 10 per cent There 
is a clinical history diagnosed as effort syndrome The blood pressures, both 
systolic and diastolic, steadily fell to 9 5 per cent oxygen when collapse began 

Pvt J.P. March in. 1919 

(Name) (Date and Hour) 

Type of test—* 22. minutes- .-56 -seconds 

Phys cond at time of test — D-tiC* 

- . # " _ ^ 

Exact condition at dose of test- Very ..CranPtlC^laPQlrf? 

Recovery PrOPlgt 

Remarks .. _ Weight 132 lbs. He ight 68 inches, convalescent h.o.a . 

Observers - Phyal^ UrllbflEi chn -Sg-tVorei st Lt.niQUg-h, rng 

On machine^Ki — Plotted by P y t t £r .. Q17T ] — . O* % start— -^1 — — Q «4_ 

Legend O* % — • pnlsc o — o — o — o — o Reap in deal per mm • — . — . — —• Syst B P 

— * — * Diast D P Poise Pressure Accom w mm Convergence in mzn 



Figure 3 


There was no respiratory compensation during the entire run The heart rate 
increased from a normal of 69 to a maximal of 105 in the nineteenth minute 
In the last minute the rate fell from 102 to 63 at the last clinical count The 
electrocardiogram of the twenty-first minute gives a rate of 68 (Plate 2, Fig 6) 
In the electrocardiogram m the early recovery stage and just before the first 
clinical recovery record, the heart had slowed to an equivalent rate of 50 m 
the 4th beat ( E R, Plate 2, Figs 3 and 7) The clinical record shows the lack 
of compensatory elasticity m the effort syndrome type The test was not 
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carried to the complete limit of endurance The usual changes in the electro- 
cardiogram with reduced oxygen appear only in the T wave The P-R and 
R-T intervals are constant 

The chief interest in this test lies in the sudden reduction of heart rate 
in the twenty-first minute The slow rate continued throughout the recovery 
record with pure air The electrocardiogram is normal in form although the 
heart rate was reduced to 68 per minute just before the experiment ended, 
and to 50 per minute during the early recovery The sudden slowing of the 
rate just at the close of the experiment is a typical instance of the effect of 
oxygen want in slowing stimulus production at the crisis 


TABLE 4— Pvt J F, March 10, 1919 

Time of run 21 minutes 56 seconds Final oxygen, 8 4 per cent 


Trace 

and 

Pulse 

No 

Time 

Oxy- 

gen, 

per 

Cent 

Duration in Sec 

Amplitude in Mm 

Remarls 

R-R 

P-R 

R-T 

P 

Q 

R 

S 

T 


Normal 

21 0 

0 6GS 


0 306 

EH 

none 

90 

07 

4 0 

Effort sjndrome case 


5 min 

18 1 

0 760 

0144 

0 3 OS 

1 0 

none 

95 

1 0 

2 8 



10 min 

15 3 

0 700 

0148 

0 304 

1 0 

none 

90 

10 

30 


4-2 

15 mm 

12 4 

0 616 

0144 

0 296 

ESI 

none 

90 

06 

24 

Slight sinus arrliyth 

5-2 

20 mm 

95 


QFul 

0 292 

EH 

none 

10 5 

ED 

1 6 

mia 

6-4 

21 min 

89 


Hill 


06 

none 


none 

2 5 

Failing heart 

7-2 

Recovery 

210 




10 

none 

10 5 

none 

34 

Spoke avithm 15 secs 


There were signs of approaching unconsciousness at the moment of ending 
the experiment, but F spoke fifteen seconds after beginning to breathe pure air 
Protocol 4 — Pfc T H K , final oxygen, 7 1 per cent , total time, 27 min- 
utes, 9 seconds 

The clinical interest is in the partial collapse of the heart and fall of blood 
pressure without definite loss of consciousness T H K was a strong mus- 
cular type and was taken off because of beginning general clonic tremors 
Muscular clonus lasted for 20 seconds, but he recovered control after the first 
few inspirations 


TABLE 5— Pfc T H IC, March 9, 1919 


Time of run 27 minutes, 9 seconds Final oxygen, 7 15 per cent 


Trace 

and 

Pulse 

No 

Time 

Oxy- 

gen, 

per 

Cent 

Duration m Sec 

Amplitude in Mm 

Remarks 

R-R 


R-T 

P 

Q 

R 

S 

T 

1-7 

Normal 

21 0 

0 840 


0 340 

1 0 

none 

16 0 

none 

EH 

Trembling 

2-5 

5 mm 

18 4 

0 868 


0 360 

10 

none 

16 5 

none 

35 

Sinus arrhythmia 

2-1 

5 mm 

18 4 

0 760 

0168 

0 352 

1 2 

none 

16 5 

none 

KLS 


3-2 

10 min 

15 9 

0 696 

0168 

0 332 

16 

none 

15 5 

none 

24 


42 

15 mm 

13 3 

0 748 


0 336 

1 0 

none 

15 0 

none 


Sinus arrhythmia 

4-6 

15 min 

13 3 

0 672 


0 336 

1 3 

none 

16 0 

none 



5-2 

20 min 

10 7 

0 640 


0 320 

1 5 

none 

16 0 

none 

1 8 


6-2 

22 min 

97 

0 5*7(3 


0 300 

16 

none 

16 0 

none 

1 6 


7-2 

24 mm 

87 

0 544 


0 312 

1 5 

1 4 

17 0 

none 

||Tg5 

T a ery flat 

8-7 

9 

26 mm 
Recovery* 

77 

0 548 

0148 


1 5 

20 

16 0 


1'E 1 -jig 


* See Table 6 


The systolic blood pressure remains constant to 8 2 per cent oxygen, then 
drops suddenly and rapidly The diastolic pressure also remains constant at 
80 mm to 9 7 per cent , then rapidly falls through five minutes to 44 mm 
The heart rate of 80 per minute increased to 90 at the twenty-ninth minute 
then to 116 at the last reading The electrocardiograms show that the rate 



































GREEN E-GILBERT—, ELECTROCARDIOGRAPHIC STUDIES 531 


dropped through 63 to 55 and became very irregular (Plate 3, Figs 9 and 10) 
during the interval between the last clinical pulse reading and the first recovery 
reading 

There were only slight changes in the electrocardiogram to the twenty- 
sixth minute No important change in the conduction, and only very slight 
shortening of the R-T interval occurred as the usual augmentation of rate 
came on A long tracing of thirty-two heart beats taken at the close of the 


pjg.'P.H-v. March q. iqiQ- 

(Name) (Date and Boar) 

Type Of test R ?&r- * JLl0ctrocaraiograjDh_Dn«t.on 27 -minutes 9 seconds 

Phys cond at time of test—O.K. MlXagUlflX jgpg, flrcman_hfl£crfl QnH stlTip-. 

Bract condition at dooe of test Muscular tremor s Increasing to clonus for 10-20 seconds 


Recovery Ajttpr. cj o a n J. p sp i r £ 1 1 QXl-Gl 0££d _JMJ<L 
Remarks Weight 100 pptWiSa-. . iafiMs, 


-i Jl , - 

Observers Greene p hr . Mala Gilbert fig&a. gEgJLfltBB Lt, Clough Ecg 

On machine — iSO-5 Plotted by. &g^£2gS. O , % start -g 1 - finish-. 2 -A 


legend 0.% - - — «~ • Poise o-^—o— o— o Reap in deal per mm *— — • — • — • Syst B P 

• — ■ — . — 'Diart D P PnUe Pressure Accom in mm Convergence in mm 



Figure 4 


experiment and during the early recovery stage shows complete dissociation 
of the auricular and ventricular rhythms Already at 7 7 per cent oxygen the 
rate had slowed, though the sequence was still normal In the unphotographed 
interval the pace making function of the S-A node slowed below the critical 
point of stimulus production in the A-V node and the nodes became indepen- 
dent This is shown by the irregularity of the P-P interval, where it can be 
determined, and by the evidence of varying locus of stimulus production in 
the auricle as evidenced by both direct and inverted form and varying ampli- 
tudes of the P waves In addition, we have the increase of cardiac muscle 
irritability as shown by two heterogenetic ventricular beats In fact, this fea- 
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ture of the record suggests that of digitalis poisoning, or the type of hyper- 
lrritability observed m the electrocardiograms of experimental animals after 
chloroform 


TABLE 6— Pfc T H 1C, March 9, 1919 

Time of run 27 minutes, 9 seconds Final oxygen, 7 15 per cent 

Electrocardiogram, No 9, taken during the early after or recovery period No S wave 
during this record 


Pulse 

Duration in Seconds 



R-R 

PR 

[ R-T 

P 

Q 

R 

T 

1 

0 952 

0 500 

0 300 

i —20 

none 

18 0 

34 


2 

0 528 

0 020 

0 340 

—20 

none 

19 0 

30 


3 

0 940 

0 200 

0 328 

—16 

05 

18 0 

2 5 


4 

| 0 944 

0100 

0 340 

—20 

05 

18 5 

15 


5 

0 944 

0 340 

0 360 

+0 5 

1 5 

19 0 

20 


G 

0 752 

none 

03G0 

none 

05 

20 0 

20 


7 

0 940 

0180 

0 320 

+12 

05 

19 0 

18 


8 

0 504 

none 

0 360 

, none 

10 

20 0 

20 


9 

0 940 

0 240 

0 320 

+2 0 

none 

18 5 

32 


10 

0908 

none 

0360 

none 

1 0 

18 6 

32 


11 

0 944 

—0144* 

0 340 

none 

10 

18 5 

20 

* R-P 

12 

0 528 

none 

0 320 

none 

1 0 

18 0 

05 


13 

0900 

0 220 

0 320 

—10 

none 

17 0 

20 


14 

0900 

—0 050 

0 360 

—20 

none 

20 0 

30 


15 

0 484 

none 

0 360 

none 

none 

19 0 

20 

— P superimposed on 

10 

0 928 

0 240 

0 320 

+18 

none 

16 5 

2 6 

the lower limb of R 

17 

0 512 

none 

0380 

none 

none 

19 0 

4 5 


18 

0 948 

0 240 

0 320 

P+T 

none 

17 0 

20 

Combined +P and T 

19 

0 480 

none 

0 360 

none 

05 

19 0 

35 


20 

0 920 

0 240 

0 380 

—1 5 

none 

10 0 

? 

Ventricle complex cc 

21 

0 480 

none 

0 372 

i none 

05 

18 5 

30 

topic 

22 

0 824 

0 320 

0 380 

9 

none 

10 0 

3 0 


23 

1 080 

0 064 

0 348 

+1 0 

none 

17 0 

30 


24 

0 972 

0 050 

0 360 

+10 

none 

19 0 

25 


25 

0 472 

none 

0 360 

none 

none 

19 0 

30 


20 

0 920 

0 280 

0 336 

—l 

none 

10 0 

40 


27 

1000 

0100 

0 360 

+1 

’ none 

18 0 

20 


28 

1000 

— 01G0 

0 360 

+1 

1 

19 0 

20 


29 

0 488 

none 

0 360 

none 

none 1 

18 5 

28 


30 

0 928 

0 220 

0 320 

+' 

none 

16 5 

25 


31 

1012 

0140 

0360 

+i 

1 

17 5 

25 


32 


—0140 

0 360 

+i 

none 

16 0 

22 



The physiologic and clinical chart is unique m several features He reached 
5 9 per cent oxygen, an equivalent altitude of 31,500 feet He made good com- 
pensations but not in the typical way Instead of the usual early gradual 
cardiac acceleration beginning about the fifteenth minute, his heart rate ran 
very uniform until the last two minutes The rate then augmented from 84 in 
the twenty-second to 150 in the twenty-fourth minute just before the close The 
systolic pressure was over 150 mm from the start but remained constant to 
the twelfth minute From this time it increased steadily for eight minutes 
then sharply the last two minutes to a total of 194 mm The diastolic pres- 
sure slowly increased until the very last minute when it suddenly broke 20 mm 
The effect of prolonged athletic activity is manifest in Sgt M ’s excessive 
respiratory minute volume This began at 17 liters m the first minute, dropped 
to just under 10 liters at 10 minutes, and increased rapidly after the seven- 
teenth minute to the enormous volume of 26 8 liters during the twenty-third 
or last full minute Compensations are due to augmentation of respiratory 
volume and of blood pressure These meet the strain to 7 per cent oxygen, 
when cardiac acceleration was added At the moment of unconsciousness the 
break in diastolic pressure and in respiration had begun 

W C M was physical director at Lakewood He is a man of exceptional 
muscular development and physical endurance There was a lively competi- 
tion among the men at Lakewood in an attempt to exceed the record of Sgt M 
and the sergeant himself entered into the spirit of this competition Notwith- 
standing the large volume of air breathed, he became very cyanotic during 
the last five minutes The clinician did not terminate the test until the onset 
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of unconsciousness when the mouthpiece was instantly removed Conscious- 
ness reappeared after the first inhalation of pure air Reflex muscular control 
was not lost and the sergeant protested that he had not yet reached his limit 
The heart rate was very constant and the cardiograms show that there was 
no change m the P-R interval until the twentieth minute, and then only in 
the shorter beats of the arrhythmia periods The R-T intervals became shorter 

Protocol 5 — Sgt W C M , final oxygen, 5 9 per cent , total time, 23 min- 
utes, 48 seconds 
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beginning at the twentieth minute The character of the electrocardiogram 
was abnormal in only one feature The R wave was short and bifurcated The 
U wave was present in many of the cycles 


TABLE 7— Sgt W C M, March 10, 1919 


Time of run 23 minutes, 48 seconds Pinal oxygen, 5 9 per cent 


Trace 

and 

Pulse 

No 

Time 

0\y- 

gen, 

per 

Cent 

Duration in Sec 

Amplitude In Mm 

Remarks 


PR 


P 

Q 

R 

S 

T 

1-1 

Normal 


0 812 

0160 

0 320 

KB 

none 

70 

none 

20 

Some sinus arrhyth 












mia 

2-2 

5 min 

17 8 

0 580 

0160 

0 320 

1 0 

tr 

75 

none 

12 

Some sinus arrhjth 












mia 

3-1 

10 mm 

14 6 

0 080 


0 320 

1 0 

none 

75 

none 

1 2 


4-2 

15 min 

11 5 

oaso 


0 320 

08 

none 

75 

none 

10 


5a-l 

20 min 

83 

0 650 


0 312 

08 

nil 


none 

1 0 


5b-3 

20 min 

83 

0 632 


0 300 

08 

iff 

65 

none 

10 


0-1 

22 min 

70 

0 504 

■jjrejj 

0 260 

1 2 

1x2 

90 


10 


2d 

22 min 

70 

0 468 

0136 

0 250 

10 

VT1 

7 0 

none 

00 


from 












last 












7-3 

Recovery 

210 

0 700 

0144 


10 


70 

none 

1 6 

Momentary iincon 

Last 

Recovery 

■am 

0 740 

OE m 


EO 


80 

none 

20 

sclousncss 

pulse 













The stress of oxygen want on local cardiac mechanisms appears only in 
the recovery tracing which was taken at practically the moment of the removal 
of the mouthpiece (Plate 4, Fig 8) The fifth beat in this figure shows a 
very slight negative P wave, the sixth beat has a well defined negative P 
The inverted P continues through seven successive contractions On the 
eighth, i e , the twelfth beat of the figure, the negative wave is reduced in 
amount, and on the next beat the normal positive P appears and continues 
until the end of the photograph During the period of inverted P waves the 
rate is reduced slightly as compared with the rate preceding and following 
the group, l e , from 167 to 157, then back to 166 per minute We consider 
this a splendid example of just beginning displacement of origin of the sino- 
auricular rhythm The point of origin of the rhythm is evidently from a new 
source below, or from a lower point in the normal pace making center It is the 
initial stage of the effect of oxygen want as affecting the reactions of the heart, 
in which the most advanced stages are represented by the terminal electro- 
cardiograms of T B M and D W O 

Protocol 6 — Sgt T B M , final oxygen, 7 6 per cent , total time, 25 min- 
utes, 54 seconds 

Sergeant T B M ’s physiologic and clinical chart shows poor compensa- 
tions His slow heart-rate in the late electrocardiograms is explained by the 
clinical collapse during the last two minutes of his test The heart increased 
in rate beginning on the tenth minute and the increase amounts to about 
25 beats during the last five minutes It ends in an abrupt drop from a rate 
of 117 to 75 in the last minute The electrocardiogram (Plate 5, Fig 8), taken 
during the twenty-fifth minute (apparently later m the minute than the clinical 
rates recorded) shows the new slow rate, which had fallen to 62 per minute 
m the first beat photographed In the early recovery period the rate varied 
from 61 to 64 and was fairly constant 

Although unconscious at the last, it is obvious that the heart rate was in 
itself adequate The failure m compensation was due to the inadequate blood 
pressure Both systolic and diastolic pressures fell from the beginning, but 
the fall was marked and more rapid after the eighteenth minute as the chart 
shows Respiration also failed of adequate compensation The highest minute 
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March in. 1919 
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~ minutes- &L seconds 


Exact condition at close of t~ »-Pnoon9ciPUS ■ neck miscle b ..relaxed „ TialB. 

— BrpnthJ^e-8lo.g-fiaj-£aJLnfc 

Recovery Slow. and, gradual . breathing., norma l 26 sec , talkod _96-se c 

Remarks - . Palo ..and ■ oera-piriTi K Ji mi nutes _later . 

Weight 154 lbs Height 67 inc hes 

Observers Hai -Greene Phyg. Ma ^ Gilbert* gin Sgt Greist.B P ' ' It Clough. Eog 
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Legend 0 2 % • * • • poise c~- q- Resp in deal per mm » « ■ » ■ ■ ■ Syst B P 
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Figure 6 


TABLE 8— Sgt T B M, March 11, 1919 

Time of run 25 minutes, 54 seconds Final oxygen, 7 6 per cent 


Trace and 
Pulse 

No 

Time 

Ovygen, 

per 

Cent 

Duration in Seconds 

Amplitude in Mm 

RrR 

P-R 

R-T 

P 

Q 

R 

S ; 

T 

1-1 

Normal 

21 0 

0 852 

0140 

0 340 

1 0 

1 0 

18 5 

25 

32 

2-1 

5 min 

18 4 

0 760 

0132 

0 328 

1 0 

1 0 

19 0 

25 

20 

3-1 

10 min 

15 9 

[ 0 652 

0144 

0 320 

1 0 

1 0 

19 0 

30 

1 5 

3-11 

10 mm 

15 9 

0 840 

0140 

0 320 

1 0 

1 0 

20 0 

25 

25 

4-10 

15 min 

13 3 

0 520 

0132 

0 2S0 

20 

1 5 

19 0 

1 0 

1 5 

4-1 

15 min 

13 3 

0 672 

0140 

0 S40 

1 4 

20 

20 0 

20 

1 4 

5-4 

20 min 

10 7 

0 520 

0132 

0 308 

1 3 

1 0 

18 0 

20 

1 0 

5-11 

20 mm 

10 7 

0 696 

0148 

0 280 

1 0 

1 0 

20 0 

20 

1 0 

6-15 

22 min 

96 

0 604 

0128 

0 312 

20 

25 

19 0 

30 

1 0 

6-1 

22 min 

96 

0 628 

0136 

0 300 

20 

1 5 

210 

3 0 

1 0 

7-5 

24 mm 

86 

0 472 

0120 

0 272 

1 5 

1 0 

ISO 

20 

0 4 

7-1 

24 min 

8 6 

0 512 

0132 

0 320 

20 

20 

19 0 

25 

05 

8-1 

25 mm 

81 

0 944 

none 

0 320 

none 

1 4 

19 0 

20 

20 

9-1 

Recovery 

i 210 

0 920 

j 0 092 

0 348 

10 

1 3 

20 5 

24 

28 


See Tables 9 and 10 
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volume reached was only 10 liters The whole clinical picture is that of a 
strong muscular type with nervous and circulatory apparatus adequate only to 
resist the effects of moderate reduction of oxygen As 8 per cent was' 
approached, collapse of the peripheral vascular mechanism and of the heart 
occurred Recovery was slow, due no doubt not so much to the heart as to 
the failure of the peripheral blood vessels to regain their tone, shown m the 
low diastolic pressure in the recovery period Unconsciousness occurred m a 
few seconds short of twenty-six minutes He recovered a degree of con- 
sciousness m twenty seconds but did not talk for one minute and ten seconds 
He remained pale and perspired freely for several minutes 

The electrocardiograms show the usual progressive acceleration of pulse 
and decrease in the time of the cycle to the twenty-fourth minute Conduction 
changed from 0 140 to 0 120 second at 8 6 per cent oxygen The R-T interval 
is also slightly decreased Both these changes are well known functions of 
rate acceleration after exercise, etc The amplitude of the deflections was 
constant, except for the diminution of the T wave, from 3 2 to 0 4 mm in the 
twenty-fifth minute as final stage of the experiment, 8 1 per cent oxygen 


TABLE 9— Sgt T B M, March 11, 1919 

Time of run 25 minutes, 54 seconds Pmal oxygen, 7 6 per cent 


i 

Trace No 8 

See Plate 5 

Duration in Seconds 

Amplitude in Mm 

RrR 

PR 

R-T 1 

P 

Q 

R 

S 

T 

1 

0 944 

none 

0 320 

none 

1 4 

19 0 

20 

20 

2 

0 944 

none 

0 300 

none 

10 

19 0 

2 0 

20 

3 

0 952 

none 

0 320 

none 

10 

18 0 

1 5 

20 

4 

0 936 

none 

0 320 

none 

10 

19 0 

20 

20 

5 

0 948 

none 

0 312 

none 

12 

210 

15 

16 

• 6 

0 918 

1 none 

0 320 

none 

10 

210 

10 

22 

7 

0 952 

none 

0 320 

none 

10 

19 0 

20 

20 

8 

0 948 

none 

0 320 

none 

1 0 

18 0 

20 

2 5 

9 

0 940 

none 

0 304 

none 

13 

210 

20 

20 

10 

0 944 

none 

0 320 

none 

10 

18 0 

20 

23 

11 

0 948 

none 

0 300 

none 


19 0 

20 

20 

12 

0 948 

none 

0 312 

none 

10 

19 0 

20 

2 5 

13 

0 932 

none 

0 320 

none 

; 

12 

18 5 

25 

20 


Profound changes occurred in the character of the terminal cardiogram, 
changes that do not disappear through the short recovery record obtained 
The important fact is the entire disappearance of any evidence of the P wave 
The loss of the P is associated with slowing of the pulse rate, from 128 to 63 
per minute In this period (Plate 5, Fig 8) there is a record of fourteen 
ventricular complexes, nine of which are ideally recorded, but not one is 
introduced by any evidence of auricular activity Not one of the nine is 
complicated by extraneous currents and all are regular and clean of type 
Table 8 presents the measurements of all the complexes in Plate 5, Figure 8 
The R’s do not present amplitude changes that indicate inclusion of the 
P waves It is evidently a rhythm of A-V nodal origin The dissociation 

evidently occurred beween Figures 7 and 8 of Plate 5 We have no evidence 
recorded in the tracings of direct auricular action, versus inhibition, the possi- 
bilities of which we have considered in relation to the cause of the dissociation 
The condition shown in the tracing at the moment before the removal of 
the mouthpiece and the admission of pure air (Plate 5, Fig 8), is carried over, 
in part, in the tracing immediately after the admission of pure air during 
the recovery tracing (Plate 5, Fig 9) The rhythm does not yet begin m the 
S-A node, as shown by the inverted P and the short P-R interval, the 
first eight contractions show an inverted P wave , no P appears during the next 
five contractions, and an inverted P then reappears in the last three contractions 
The first eight P-R intervals are progressively shorter, from 0092 to 0016 
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second When they reappear after five beats, they become progressively longer, 
from 0 040 to 0 100 second It suggests an origin of the auricular contraction 
from points progressively lower in the rhythmic system, until the P either 
merges in the R or disappears entirely The P then reappears, showing 
that the source of the rhythm moves progressively back toward the normal 
pace-maker These facts show that we have a lighter degree of interference 
with the mechanism here than that shown in Plate 5, Figure 8 The first 
inhalation of pure air gave enough oxygen to partially remove the effect of 
oxygen want which led to the loss of rhythmicity in the normal controlling 
center and released activity in a lower portion of the system, as indicated by 
the inverted P at the beginning of the tracing In the interval before the next 
inhalation of fresh air there was return of the low oxygen level which again 
suppiessed activity in the auricle, as indicated by the total disappearance of 
the P wave The progressive type of recovery in the inverse direction was 
produced rapidly on the influx of oxygen following the next respiration It 
shows the return of the pace-maker toward its normal location If the record 
could have continued during a few more heart beats it would have revealed 
a complete and permanent recovery of the sino-auricular control 

TABLE 10— Sgt T B M, March 11, 1919 

Time of run 25 minutes, 5i seconds Final oxygen, 7 6 per cent Trace No 9, the 
recovery record while breathing pure air 


Plate 5 
Pulse 

Duration in Seconds 

Amplitude in Mm 

Remarks 

R-R 

P-R 

R-T 

P 

Q 

R 

S 

T 

1 

0 920 

0092 

0 348 

—1 0 

eh 

20 5 

24 

28 


2 

0 920 

0096 

0 360 

—10 

mm 

19 0 

25 

35 


3 

0 920 

0 088 


-10 

10 

200 

10 

32 


4 

0 928 

0 088 

■<1 ,<H 

—10 

10 

230 

1 5 

32 


5 

0928 

0 052 

Hi l ;!iH 

—1 0 

1 0 

210 

15 

32 


6 

0 928 

0 048 

0 372 

-08 

? 

22 0 

10 

30 


7 

0 928 

0 024 

0 376 

—10 ? 

20 

22 0 

20 

32 


8 

0 924 

0 016 

0 360 

? 

20 

21 0 

20 

35 

P and Q coincide 

9* 

0 928 

none 

0 360 

none 

1 6 

19 0 

20 

35 

External negative 

10 

0 928 

none 

0 360 

none 

Eg 

20 0 

20 

35 

wave through 

11 

0 936 

none 

0 380 

none 

Ea 

20 5 

1 2 

30 

pulses 8, 9 and 10 

12 

0 928 

none 

0 380 

none 

20 

21 0 

? 

? 


13 

0 928 

none 

0 360 

none 

IS 

20 5 

1 0 

3 4 


14 

0 928 

0 040 

? 

—08 

10 

21 0 

1 0 

? 


15 

0 912 

0 080 

0 36 0 

—1 2 

1 0 

22 0 

1 5 

30 


16 


0100 

0 352 

—10 

HI 

20 0 

20 

30 



* P is negative in preceding beats, and absent or buried m R-S interval here In the 
thirteenth P is added to Q, in the fourteenth it is present P is negative in entire record 

Protocol 7 — Sgt D W O , final oxygen, 8 5 per cent , total time, 25 min- 
utes, 3 seconds 

The clinical chart of Sgt D W O, Figure 7, shows that his respiratory 
and circulatory pre-crisis responses are noncompensating There is a fall of 
diastolic blood pressure and an even systolic pressure until the critical oxygen 
limit is reached, then collapse occurs promptly The initial heart rate is high 
and sustained with only the slightest acceleration during the test The cardio- 
gram taken in the last minute of the test shows a very slow heart, around 
50 per minute This and the fall of diastolic pressure explain the unconscious- 
ness that occurred The clinical sheet classifies D W O in a group well known 
to the Medical Research Laboratory as the non-compensating type These men 
endure the test to a certain limit without any apparent compensation, then, 
without premonition or warning they collapse completely, usually at a com- 
paratively high oxygen level, though not universally so The electrocardio- 
gram gives new light on what occurs in the heart of this type at the critical 
moment of collapse 

Sgt D W O began the test with the high heart rate of 94 per minute and 
increased only to 108 during the twenty-five minutes The usual falling off 
in the time of the R-T interval occurs, from 0 320 to 0280 second There 
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was also the usual decrease in the T wave The contractions of the auricle 
were strong, an amplitude of from 2 to 2 6 mm for the P wave which con- 
tinued to 8 6 per cent oxygen The T wave was lower and broader in type 
than the average As the oxygen want progressed, a sharp negative wave 
appeared at the terminal portion of the T 

Sgt D W O became unconscious at the crisis of the experiment, though 
he retained reflex control of his muscles and sat erect as if asleep Only a 


S Bl .P . V . . P- 


(Name) 

Type of test* 1 —-— . Eleotx;p.c ardxoKrnTih....p rr , t ,„ w 
Phya cond at time of test- 0 


March 1 . laia 


25 


(Data and Boar) 
- minutes 3 


seconds 


Recovery 
Remarks - . 


Pr ompt, he art sounds faint at 27 m inutes*'" 
Jflfe ight 130 lb s 3 He ight 68.5 inches" " 
Very u^ijornTandT regular respirations 


Observers M&J Greene phy[l M£t.1 Tilbert Sgt.Greist.B P Lt Clough. Ecg 

On machine Hotted by start — Q - finish— § — 

Legend • • • Pulse » _ o — o— o Resp.ln deal per min . . «■-. Syst B P 

■ ■ ■ — * Diast D P Pulse Pressure Accom in mm Convergence in mm 



Figure 7 


short tracing of seven ventricular contractions was obtained at this critical 
moment (Plate 6, Fig 10), 8 5 per cent oxygen Reference to the electro- 
cardiogram shows complete obliteration of the P wave and a strong well 
developed R-T and a weak T of the ventricular complex Except for the 
strong R the electrocardiogram was as nearly iso-electric as in any experiment 
of the entire series Plate 6, Figure 10 was made during the unconscious stage 
The heart rate had dropped to 57 per minute and undoubtedly the circulation 
was very inadequate 
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Recovery occurred promptly, as shown in Figure 11, Plate 6 There was 
a return of the P with normal amplitude and normal length of the P-R inter- 
val The T slowly recovered its initial amplitude I The rate remained Slower 
than at the beginning of the experiment but recuperated from 'the depressed 
rate at the close of the test 


TABLE 11— Sgt D W O, March 7, 1919 

Time of run 25 minutes, 3 seconds Final oxygen, 8 5 per cent 


Trace and 
Pulse 
No 

Time 

Oxygen, 

per 

Cent 

Duration in Seconds 

Amplitude in Mm 

R-R 

P-R 

| R ' T 

P 

' Q 

R 

: s 

T 

1-6 

Normal 

21 0 


0140 


2 2 

1 0 

20 0 

40 

15 

2-1 

5 min 

18 5 


0 144 


2 6 

1 5 

18 0 

4 5 

1 1 2 

3-8 

10 min 

16 0 

1 0 656 

0 148 

WTTiS 

2 6 

1 3 

18 0 

4 4 

1 1 2 

4-4 

15 mm 

13 5 

0 632 

0148 

0 312 

2 2 

1 2 

17 5 

40 

08 

5 

17 min 

12 6 

0 612 

0152 

0 320 

2 0 

1 3 

16 0 

40 

04 

6 

19 mm 

11 6 

; 0 608 

0160 

0 304 

20 

1 4 

16 0 

38 

03 

7 

21 mm 

10 6 

| 0 592 

0148 

0 260 

1 5 

1 5 

18 5 

40 

-4-0 2 

S 

23 mm 

96 

0 580 

0140 

0 280 

20 

1 8 

19 0 

4 0 

—05 

9 

25 mm 

86 

0 564 

0140 

0 280 

20 

20 

20 0 

34 

— 0 8 

10-1 

25 mm 

85 

1 052 

none 

0 240 

none 

1 0 

17 0 

2 5 

04 

10-2 



1040 

none 

0 280 

none 

1 0 

19 0 

26 

05 

10-3 



1080 

none 

0 240 | 

none 

1 0 

18 0 

26 

02 

10-4 



1 10S 

none 

? 

none 

08 

17 0 

? 

none 

10-5 



1 132 

none 

0 240 

none j 

1 5 

20 0 

30 


10-6 



1 140 

none 

0 260 

none ; 

05 

18 0 

25 

03 

11-2 

Recovery 

210 

0 868 

0 1 40 

0 340 

14 

HI 

19 4 

32 

06 


TABLE 12 — Summary of Cases with Electrocardiograms During 

the Low Oxygen Test 


Name 

Time 

Min Sec 

Terminal 
Oxygen, 
per Cent 

Weight, 

Pounds 

Height, 

Inches 

Clinical Remarks 

Pvt N W A 

21 

40 

97 



— 

Pale, no Irregularities of the 
heart 

Pic H J C 

22 

30 

10 0 

124 

62 

Cpl H B D 

27 

20 

67 

145 

69 

Clonic muscular spasms, pale 
after 5 minutes 

Opl F J D 

24 

26 

81 


70 

Cj anotie, not unconscious 

Sgt M D P 

33 

13 

7 3 


70 

Very cyanotic, spoke in 15 sec- 
onds, N O A case 

Pvt J P 

21 

56 

84 

■V 

68 

Pic A H S 

29 

32 

81 

124 

68 


Pic T H K 

27 

9 

71 

160 

! 

64 

Called off at beginning of mus- 
cular tremors, clonus severe 
for 20 seconds, prompt recov- 
ery after deep inspiration 

Sgt H K 

30 

27 

65 

140 

67 

Expert diver 

Cpl W D L 

29 

13 

69 

143 

69 

Clinical history of premature 
ventnculars, none during test, 
conscious to end 

Sgt W C M 

23 

48 

59 

212 

73 

Momentary unconsciousness at 
end 

Sgt T B M 

25 

54 

76 

134 

! 

67 

Unconscious, muscles of neck- 
relaxed, recovered in 26 sec- 
onds, talked in 96 seconds, pale 
drowsy and perspiring 5 min- 
utes later 

Sgt E O McC 

23 

5 

83 

166 

71 


Pfc A H McD 

1 24 

15 

75 

138 

65 


Sgt D W O 

25 

3 

85 

130 

6S 

Unconscious at end, hut retain- 
ed reflex control of muscles, 
prompt recovery 

Sgt N S P 

34 

12 

67 

138 

70 


Sgt P J P 

i 28 

2 

88 

130 

68 


Sgt W A R 

22 

50 

10 5 

! 

146 

62 

Dazed if not unconscious at end, 
pale after 3 minutes 

Sgt B S 

24 


10 8 

135 

68 

Extreme arrhythmia 

Opl B D S 

20 

20 

109 

— 

— 


Pvt W V T 

24 

9 

81 

1 135 

69 
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CHANGES IN THE TYPE OF THE ELECTROCARDIOGRAM WITH 
THE ONSET OF OXYGEN WANT 

Comparison of Cases — The effects of extreme low oxygen m the 
air breathed expressed m the electrocardiograms of our twenty-one 
men are varied and extreme The degree of oxygen want endured 
by the majority, thirteen cases, without visible deleterious effects on 
the heart, is surprising At least ten of the men reached 10 per cent 
oxygen and less with no drastic changes in the electrocardiograms 
Of these, five ran to 8 per cent oxygen and two to less than 7 per cent 
The series illustrates the fact established by the general experience 
of the Medical Research Laboratory that the limit of endurance to low 
oxygeii covers the rather extreme range of from 6 per cent or less 
to 10 per cent and more among vigorous and well developed appar- 
ently normal individuals The men m the series reported now were 
tested to as low as 5 9 per cent , and taken off at as high as 10 9 per 
cent 

Seven of the twenty-one men show disturbances of normal heart 
function, varying from slight and evanescent changes to the most 
profound and vital interference with normal rhythm and conduction 
The extreme changes occurred at the crises of low oxygen, H B D , 

6 7 per cent , F J D , 8 1 per cent , J F , 8 4 per cent , T H K , 

7 1 per cent , W C M , 5 9 per cent , T B M , 7 6 per cent , and 
D W 0,85 per cent Two of the seven had severe clonic muscular 
spasms which tended to mask symptoms which are the usual signs of 
impending loss of consciousness The one clear case in which uncon- 
sciousness was not reached out of the seven showing heart irregular- 
ities, was that of F J D at 81 per cent oxygen He developed 
complete dissociation but with persistence of rather regular auricular 
and ventricular rhythms Four of the seven men with extreme heart 
irregularity were clearly unconscious In one W C M , at 5 9 per cent , 
the unconscious stage was brief and momentary only, as was also the 
heart irregularity (Table 3, Plate 10, Fig 8) In the remaining three 
the cardiac disturbances were more profound, as was also the general 
evidence of oxygen asphyxiation of the nervous system 

Even casual examination shows that circulatory changes during the 
rebreather test are slight during the first two thirds of the test In 
the last third, the changes come on rapidly until the onset of what 
A we have called the crisis If the test is pushed still further uncon- 

Sgt 

sciousness occurs Then the disturbances of the heart are rapid, pro- 
Set found, and vital Twenty seconds at this crisis may suffice to drop 
Set the heart rate from its maximum compensating high rate to the pro- 
let found condition of dissociation observed m F J D , or the suppressed 
** auricular beats and slow rhythm of D W O The details are further 
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discussed under two headings, one presenting the general precrisis 
changes leading up to the crisis or crest of the compensating adjust- 
ments, and the other postcrisis and intrinsic changes at and following 
the crisis 

GENERAL OR PRECRISIS CHANGES IN THE TYPE OF TIIE 

ELECTROC ARDIOGR A M 

The primary changes in the general type of the electrocardiogram 
with the onset of low oxygen are not pronounced and not uniformly 
constant A fair proportion (nine cases) show decrease in the time 
of the conduction, thirteen show corresponding decrease in the tune 
of the ventricular complex with acceleration of rate, two cases show 
no change, and all show decrease in the amplitude of the T wave 
There is no constant association of the change m total time of the 
conduction and the duration of the ventricular complex in the same 
individual though association is the rule The length of the P-R 
interval is only very slightly influenced by oxygen want up to the 
crisis, 1 e , until the onset of unconsciousness is imminent There is 
an appreciable acceleration of the P-R interval at the lower oxygen 
levels This amounts in H J C to 6 per cent acceleration, N S F 
12, T B M 7 per cent , etc These decreases of from 6 to 12 per 
cent in conduction time are representative It is by no means a 
constant phenomenon This is not a direct cardiac effect of low oxygen 
It is probably bound up in the factors which cause the acceleration 
m rate The stimulus that augments the pace making process also 
hastens conduction 

The R-T interval, or ventricular complex, is also slightly shortened 
before the crisis is reached In H B D the normal R-T of 0 320 
seconds is reduced to 0 300 and 0 292 seconds in the twentieth minute, 
9 5 per cent oxygen It is 0 300 seconds in the twenty-seventh 
minute, 6 8 per cent oxygen, and promptly returns to 0 320 seconds 
on breathing pure air This recovery of the normal time of heart 
muscle conti action takes place even before the normal S-A rate is 
re-established in control of the rhythm The change in contraction 
time is not profound It amounts m the case of T F K to a drop of 
from 0 340 second m the normal to 0 300 second in the twenty-sixth 
minute at 7 7 per cent oxygen This record shows an augmentation 
in the R-T interval at the fifth minute However, the low T wave 
and the occasional uncertainty of its exact termination m Lead II 
compels us to lay less stress on the slight differences as they appear 
in tabulation 

In the case of H K the electrocardiogram is clear cut and the 
measurements are more accurate The table shows a very regular 
shortening m the R-T with the decrease m oxygen H K was 
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taken off while still giving normal general reactions His R-T intervals 
m the first, fifth and fourteenth contractions of the recovery record 
are 0 280, 0 300 and 0 320 second, respectively This is a very prompt 
and definite return to the original normal The precrisis decrease in 
R-T time is coincident with the accelerated rate, and is doubtless due 
to the same reactive changes Acceleration m heart rate is primarily 
at the expense of the quiescent phase of the cycle This is approx- 
imately the iso-electric phase between the T and P waves Our meas- 
urements show that dwmg the accelei ation of late produced by oxygen 
want the caidiac processes both of conduction and contraction are 
hastened The acceleration of conduction amounts to from 6 to 12 
per cent and more, and of contraction from 8 to 12 per cent , while 
the rate is accelerated by from 30 to 70 per cent 

A constant change observed throughout the series is in the character 
and amplitude of the T wave The T decreased with low oxygen to the 
point of complete obliteration m some cases but always by from 50 to 
75 per cent of the amplitude of the normal The chief change in 
the T is a simple diminution of amplitude However, the type form 
of the complex is also altered The normal T m Lead II, used by us 
throughout, is a positive deflection It is developed slowly and is a 
symmetrical curve As extreme oxygen want approaches it becomes 
much flatter in the positive phase and more abrupt in the negative 
phase Or the deflection may be delayed until the very end of the 
R-T interval In a few cases the T wave was terminal, slight in 
amplitude and sharply diphasic, l e , a short positive followed by an 
abrupt and short negative, as m the case of D W O (Plate 6, Figs 
8 and 9) 

CARDIAC CHANGES DURING THE POSTCRISIS OF OXYGEN 

WANT 

The changes in the heart at and following the crisis of oxygen 
want occur rapidly and are retrogressive m character The simplest 
and least complicated change of this type is the development of com- 
plete heart block (Cpl T J D) This heart had a history of block 
At the time of the test conduction was regular but slow, 0 32 second 
as against the normal average of from 0 12 to 0 16 second At 8 1 
per cent oxygen, complete block abruptly developed The critical 1 
period of onset is fortunately recorded m the electrocar di ogram n , 
(Plate I, Figs 7 and 8) Dissociation persisted for the remainder j of 
the test, and, what is of the greatest importance, disappeared promp’, tly 
on breathing pure air The weakest link m this heart is the conducti j ng 
system The dissociation is definite evidence that dm mg exti -eme 
oxygen want in man the process of conduction in the caidiac conct ' not- 
ing system is suppiessed 




Plate 3 Pfc 
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This test developed the unusual phenomenon of a dissociated heart 
rhythm in which the auricular rate was slower than the ventricular The 
P wave is clearly traceable and well defined, except for two evident 
buried beats The ventricular complexes are A-V nodal types The 
suppression of conduction m the mternodal tissue makes possible the 
comparison of the two pacemaking centers under identical conditions 
during oxygen want The P waves that occur are of the normal erect 
S-A type during the entire time of dissociation 

The P wave was suppressed m H B D during the twenty-seventh 
minute, 6 8 per cent oxygen The P was absent for the first three 
beats of his recovery tracing, but the rest of the electrocardiogram 
shows complete recovery This is a simple and uncomplicated case 
of disappearance of the pace-making function of the smo-auncular 
node with rhythm from the A-V node 

However, the very best illustration of disappearance of auricular 
rhythm is that of Sgt T B M At 8 1 per cent oxygen a long series 
of ventricular complexes occur without a vestige of the P wave The 
protocol states the fact that nine ventricular complexes are ideally 
recorded m which the evidence is clear cut and decisive (Plate 5, Fig 8) 
The momentary partial recovery of an inverted P, and its subse- 
quent loss and second re-estabhshment, shown m Sgt T B M ’s 
recovery tracing, gives confirmation of the fact that theie are two 
fundamental effects that follow oxygen inadequacy , i e , suppression 
of rhythm production in the S-A node and block m the mternodal 
conducting tissue These may occur togethe? oi independently 

An inverted P for a few homogenetic beats followed by its disap- 
pearance in T B M is produced wholly by oxygen want The cardiac 
complex at this moment is just trembling on the threshold of func- 
tional capability, a little less oxygen and it fails completely to function, 
a little more and it functions normally It is exactly the phenomenon 
observed in Sgt W C M at the corresponding stage In the latter 
only the stage of an inverted P and a foreshortened P-R was reached 
In the former the record catches the shift m the point of origin of the 
beat just at the extreme displacement reached by Sgt W C M and 
carries the change to the degree of complete suppression of function 
of all rhythmic tissue above the A-V node In both instances the 
complete cycle from the initial state through that of depressed func- 
tional activity back to the original was photographed m the electrocar- 
diograms and is presented m the corresponding figures The actual 
measurements are given in Tables 9 and 10 

The displacement of the locus of rhythm production is shown m 
the shortening P-R intervals before the disappearance of the P wave, 
and by the corresponding increase in the P-R interval during the 
recovery stages of Sgt T B M 
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The complete suppression of function of the smo-auricu’ai node is 
shown m Plate 6, Fig 10, at the stage of 8 5 per cent oxygen m the 
test of Sgt D W O This electrocardiogram shows as nearly com- 
plete suppression of heart function as one feels safe in pioducing m 
man The rate is slow, about 51 compared with a rate of 83 a few 
moments earhei The T is low and flat and the P wave cannot be 
detected 

The mechanism of the progressive acceleration of the heart during 
the precrisis period, has not been demonstrated Evidence appears in 
our experiments showing that the inhibitory effects through \agus 
action are slightly increased between the five and fifteen minute stages 
but are reduced later This last deduction is justified by the progies- 
sive decrease m sinus arrhythmia dui mg the stage of marked acceler- 
ation If the vagus center is lesponsible for the slow heart rate m 
the postcrisis stage it must become suddenly and excessively active just 
when the respiratory center ceases to function The recovery of 
sequence' contractions with the P wave of normal type but of reduced 
amplitude, and the P-R interval of normal duration promptly takes 
place in the after period The facts seem clear that in man the sloived 
rate and suppi essed P wave a> e indicative of suppression of the pace 
making function of the smo-aui iculai node and the assumption of that 
function by the aunculo-ventnculai node Whether this is due to 
direct oxygen want on the cardiac tissue itself m man, or is an indi- 
rect effect leading to vagospasm in the postcrisis period vye cannot 
at present say The human observations are not determinative though 
animal experimentation since the time of Klug indicates that vagospasm 
is the immediate cause of heart slowing at the crisis of systemic asphyxi- 
ation m the presence of caibon dioxid excess 

The terminal electrocardiogiams of T W K are of a very much 
more complicated type The initial record is normal in type Only 
the usual changes in conduction, amplitude and form of the T wave 
occur through to the 7 7 per cent oxygen stage, l e , a’most to the 
end at 7 1 per cent oxygen In the tracing during the after period, 
started apparently before recovery occurred, there is profound upset 
m the reactions of the intrinsic cardiac mechanism Heart block is 
clearly shown The P w'ave is present in portions of the record but 
irregularly spaced and often imerted The auricular rate, as in 
F J D , is slower than the ventricular rate There is no P war e in 
relation to many of the ventricular complexes If buried in the com- 
plex it cannot be shown Two contractions of muscular origin com- 
plicate the irregularity These facts are easily understood on the 
theory of suppression of function of the conducting tissue and reten- 
tion of independent rhythm production in the sino-auricular node or its 
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vicinity, coincident with the erect P waves, but auriculoventriculai or 
at least atrial dominant rhythm during the inverted P wa\ es 

DISCUSSION OF THE LITERATURE 

We do not find any references in the literature dealing with the 
electrocardiographic method applied to the normal human during 
anoxemia The nearest approach to the subject is in the very few cases 
photographed during the agonal stages of death in which the great excess 
of carbon dioxid is obvious 

The latest of this type is the study by Halsey 14 of a case of broncho- 
pneumonia Halsey secured a series of electrocardiograms through to 
the termination in ventricular fibrillation His Figure 4 is more or less 
typical of a heart embarrassed but still beating with a normal sequen- 
tial^ rhythm The halving of the rate and of conduction time, that is 
“double the time in the earlier record,” has never occurred m our tests 
Whatever happens to the rate there has never been a multiple lengthen- 
ing of the conducting time of this type The unexpected phenomenon 
shown m Halsey’s case is the great slowing of conduction with at the 
same time maintenance of a strong P wave The phenomenon is not 
typical of anoxemia In our experiments the carbon dioxid was 
lemoved but it is certainly present in excess m the dying heart in 
pneumonia The gap between Halsey’s Figures 5 and 6 is unfor- 
tunate, since it is evident that the P waves ceased during the time 
of that gap in which he has lost the record of the most crucial transi- 
tional change m function The single P in the fourth beat of Figure 6 
suggests that Halsey is dealing in this figure with suppression of the 
S-A nodal rhythm, i e by asphyxiation with or without complications 

Robinson 15 made electrocardiographic studies of the mode of death 
of the human heart Four out of seven cases showed ventricular 
activity from 1 5 to 18 minutes after evidence of auricular activity had 
ceased Two auricles outlasted the ventricles In one case the auricle 
and ventricle stopped together In three cases complete dissociation 
occurred In five cases there was some delay in the conduction Jn 
two cases the auricles ceased before there was any evidence of impaired 
conduction There was always a marked slowing during independent 
ventricular rhythm, the ’sentricle contracting from fourteen to forty- 
seven times per minute There was no auncular but one ventricular 
fibrillation He observed interference with both rhythm and con- 
duction, though his published records do not show the onset of the 
changes in the symptoms The slowing of the ventricular rates 
observed by Robinson are confirmed by the slowing obtained by us 


14 Halsej r Heart 6 67, 1915 

15 Robinson J Exper M 16 291, 1912 
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when the evidence of amiculai contraction disappears Our rates are 
at a higher level, but we have not carried the degree of oxygen want 
to the extreme represented by a heart m the agonal stage during death 
from infectious disease 

Eyster and Meek 16 produced displacement of the pacemaking 
function from the S-A node to the A-V node by cooling, by anatomic 
isolation, by crushing, and by applying chemicals to the S-A node Their 
evidence was that rhythm under these conditions never arises outside 
the parts of the heart containing specialized tissue The origin of the 
rhythm is driven down to the atrial node or the A-V node 

Lewis and co-workers in investigations on the lower mammals have 
shown that both the S-A rhythm and the conduction can be delayed 
and even suppressed Lewis 17 also used local cooling to study the devel- 
opment of the displaced beat Cooling of the S-A node is followed by 
slowing of the rhythm His electrocardiograms show that the new 
center of rhythm pioduction is in the A-V node Cooling may aLo 
interfere with nerve conduction 

Meakins 18 says that “the new lhythm has its origin some distance 
above the division of the mam stem of the auriculo-ventricular 
bundle ” He was able to produce ventricular forward block in the 
dog by compressing the bundle with a specially devised heart clamp 
applied after the establishment of A-V rhythm by coo 1 mg 

Lewis and Cotton 19 determined an almost constant acceleration of 
conduction m man as an immediate effect of exercise sufficiently 
strenuous to produce a considerable acceleration of the heart rate and 
labored breathing Such acceleration of conduction does not occur 
when the acceleration of rate is induced by direct stimulation of the 
auricles by the application of induction shocks, a fact previously shown 
by Lewis and Oppenheimer 20 

Acceleration of conduction would seem to be a function of the 
reactions of the accelerator nerve induced by the stimulus of exercise 
or in our tests by the conditions of reduced oxygen Lewis and 
Cotton’s conduction time was accelerated by from 0 01 to 0 03 second 
Their normal conductions were re-established in from three to five 
minutes and before the normal rates were re-established Similar 
changes in conduction time have been observed in patients from exer- 
cise Oui highest acceleration m conduction was 0 048 second The 
accelerations in rate which vve observed all occurred m the precrisis 
period, and it was during this time that conduction was quickened 

16 Eyster and Meek Heart 5 119, 227, 1914 

17 Lewis Heart 5 247 1914 

18 Meakins Heart 5 281, 1914 

19 Lewis and Cotton J Plnsiol 46 60 1913 

20 Lewis and Oppenheimer Quart J M 4 145, 1910 ' 
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The shorter P-R intervals observed by us at or after the crisis aie 
associated with and explained by the displaced locus of rhythm pro- 
duction and are not accelerated conduction but shortening of the path 

Cohn 21 restudied the physiology of the cardiac vagus pathways 
showing that the right and left vagi, in dogs at least, do not exercise 
the same influence on the heart The right vagus usually exerts a 
greater control over stimulus production while the left has a profound 
effect on conduction Rothberger and W mterberg 22 had suggested 
earlier ,that the light vagus and cardiac accelerator nerves are distrib- 
uted mainly to the S-A node and the left to the A-V node Cohn and 
Lewis 23 examined the influence of the vagi in delaying conduction and 
in producing heart block They showed that the left vagus usually 
had the greater effect on conduction, but that the difference was quan- 
titative rather than qualitative Lewis 17 showed that when the A-V 
rhythm controls the beat the vagus then acts at the A-V node and its 
vicinity to produce reversed block The point is used by Lewis to 
support the inference that the vagus acts differentially on the con- 
ducting tissue above the A-V node He also observed that in com- 
plete heart block in the cat the auricular rhythm of S-A origin 
completely drops out on deep asphyxiation, a point strictly comparable 
to our extreme cases of T B M and D W O 

Eyster and Meek 24 present electrocardiograms of the disordered 
action of the heart produced by morphin Auricular systoles are 
slowed and even suppressed, or the conduction is partially or completely 
blocked Cohn 25 found that after the administration of morphm con- 
duction was blocked and sometimes reversed, as shown by R-P intervals 
He asserts that inhibition is the primary picture of morphin action 
if the right vagus only is intact, while disturbances of conduction 
predominate with intact left vagus Cohp states that there is complete 
parallelism between morphm disturbances and right or left vagal 
stimulation, and that the heart is released from morphin by atropm 
or by freezing the vagus Wilson 28 has shown that the A-V rhythm 
can be induced readily by vagus stimulation during the early stages of 
the action of atropin in young people, from eight to fifteen minutes The 
A-V rhythm appeared spontaneously in three cases A-V rhythm 
could not be induced in his normal cases before atropm was given, 
or after its maximal effects appeared It was observed m two cases 

21 Cohn J Exper M 16 732, 1912 

22 Rothberger and Wmterberg Arch f d ges Physiol 135 559, 1910, 
141 343, 1911 

23 Cohn and Lewis J Exper M 18 739, 1913 

24 Eyster and Meek Heart 4 59, 1912 

25 Cohn J Exper M 18 715, 1913 

26 Wilson Arch Int Med 16 989 (Dec ) 1915 
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of cardiac disease These records are of peculiar value and interest m 
that figures are given of simultaneous venograms that show coincidence 
of As and Vs waves with electrocardiograms under the initial atropm 
vagus stimulation The electrocardiograms alone give no eudence of 
the P wave (Wilson’s Fig 4, A-V rhythm of Type 2) 

Robinson and Auer 27 state m their papers on anaphylactic shock 
that marked changes occurred in heart activity in twenty-two out of 
twenty- four anaphylactic rabbits, whether the vagi were cut or not 
In the dog “These cardiac changes consist of disturbances in conduction 
of the heart impulses, abnormalities in the ventricular contractions, and 
other unusual disturbances of the mechanism of the heart beat ” They 
find inversion of the P wave, shortening of the P-R interval showing 
displacement of the pacemaker, and varying degrees of dissociation 
The relationship between auricular and ventricular activity becomes 
disturbed “as shown by the abnormal proximity of the P and R waves 
(Fig 15) ” Their figure shows a P-R of 0 033 as against the pre- 
experimental time of 0 08 second They say “it probably represents 
a change at the point at which the stimulus of the heart arises ” This 
general picture coincides very well with the observec^ changes in our 
charts for T B M , D W O , and J D , also for W C M Robin- 
son and Auer interpret the changes in the form of the ventricular 
complex in anaphylaxis as peripheral and local The anaphylactic results 
are equally well explained on the hypothesis of vagal stimulation 

Lewis, White and Meakms 28 studied the effects of asphyxiation on 
conduction in the heart of the cat by the method of first cooling the 
S-A node and then allowing asphyxiation to develop by stopping arti- 
ficial respiration, also by the method of simple asphyxiation without 
cooling These methods make possible the study of asphyxial effects 
on conduction during the normal S-A rhythm m contrast with the type 
of rhythm of A-V origin Their facts are developed by splendidly 
executed electrocardiograms The conclusions emphasized by the 
authors are “(1) Asphyxia produces a gradually increasing fortvatd 
heart block in the cat’s heart beating from the S-A node (2) It 
produces a gradually increasing revet sed heart block when the heart 
chambers respond to the A-V node (3) The mam defect is in the 
portion of the functional system lying at a higher level (nearer the 
auricle) than the actual seat of impulse discharge in the A-V rhythm 
(4) The A-V node or tissue in its immediate vicinity is the most 
susceptible tissue m respect of changes m the A-V conduction (5) 
In the cat, so asphyxiated that there is a complete functional break 
between A-V node and auricle, the application of cold to the S-A 

27 Robinson and Auer J Exper M 18 556 1913 

28 Lewis, White and Meahins Heart 5 289 1914 
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node brings about standstill of the whole of the auricular tissue (6) 
The effect of the vagal stimulation in the automatic \enlncle as 
reported by Van Angyan, are regarded as the effects of vagal stimu- 
lation upon the A-V rhythm, for in the complete block of asphyxia 
the dissociated ventricle is controlled by the A-V node (7) When 
at the end of simple asphyxia of the cat the auricular contractions 
disappear abruptly during the stage of complete A-V dissociation, the 
change is attributed to depression of the pacemaker, the A-V node 
continuing to control the mo-v ements of the ventricle ” 

Mathison 20 did not observe heart block on administering an excess 
of carbon dioxid, but when he produced asphyxia by nitrogen con- 
taining only 1 or 2 per cent oxygen, thus preventing an excess of 
carbon-dioxid in the tissues, he obseived heart block as “a regular 
occurrence during asphyxia in dogs ” Block still occurred when the 
vagi were cut He attnbutes the block to want of oxygen alone on the 
cardiac tissues 

Most of the investigations m this field have dealt with asphyxia 
produced m the usual way by cessation of respiratory movements 
Both an increase of carbon dioxid and a decrease of oxygen takes 
place Mathison has excluded the carbon dioxid factor in mammals 
In Lewis’ series of experiments the added factor of local cooling of 
the S-A node occurs, which adds to the complexity of experimental 
conditions The rebreather method used by us eliminates the carbon 
dioxid by absorbing it from the exhaled air There is, indeed, a 
reduction of the degree of saturation of carbon dioxid in exhaled air 
during the stage of augmented respiratory volume We have recounted 
in careful detail the changes observed in the normal human heart that 
follow on simple oxygen want produced by gradual and progressive 
reduction of the available oxygen m the blood and body tissues to a 
level below which normal function can no longer occur We reaf- 
firm that ihythm pioduction in the hitman heait is decreased and lost 
at the S-A node, dissociation and block occur, and both the factor of 
ihythm and of conduction aie lost in the descending dnection during 
extreme oxygen zvant and in the absence of excess of cat bon dioxid 

These caidiac changes obviously may occur from simple oxygen 
want directly affecting the tissues of the heart, so that the heart can 
not maintain its normal function Or the changes may be due to nerve 
influence as a result of asphyxial vagospasm, as shown by Mathison 20 
to occui m dogs with intact vagi though he stressed the local effects 
Much of our data, for example, the case of T H K , is not satisfac- 
torily explained by the vagus theory, while cases like those of T B M 
and D W O look more typical of vagus inhibitions To explain our 


29 Mathison Heart 2 54, 1910 
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terminal heart slowing and the loss of auricular beats on the hypothesis 
of vagus stimulation is to admit a sudden vagospasm at the close of a 
long period of increasing heart acceleration associated with evidence 
of early disappearance of normal vagal activity Crucial tests on man 
are not without risk However, we have assumed as much risk as 
one dares and will further discuss the significance of these changes 
in a paper now in preparation giving 'the results of a second series of 
electrocardiographic experiments in extreme anoxemia 30 

SUMMARY 

1 The general changes in the type of the electrocardiogram of 
man with progressively induced oxygen deficiency m the air breathed 
are slight and compensating until a certain critical stage or crisis is 
reached, then fundamental intrisic changes in the cardiac mechanism 
begin 

2 The general and precrisis changes are (a) There is a decrease 
or shortening of the time of the P-R interval an acceleration in con- 
duction time, known also to be coincident with augmentation of heart 
rate from exercise This augmentation is not universally observed 
( b ) There is a decrease in the total time of the R-T interval similar 
in type and reaction frequency to the change in conduction time but 
not always associated in the same test, and ( c ) there is a marked 
decrease in the amplitude of the T wave, with a retardation towards 
the terminal phase of the moment at which the maximum deflection 
appears Sometimes the T wave becomes diphasic or negative at or 
near the crisis 

3 The precrisis electrocardiographic changes are associated with 
other compensating reactions to oxygen want, reactions that are 
expressed in the general increase in heart rate and blood pressure, 
and in the respiratory augmentation in minute volume of air breathed 

4 The chief postcrisis changes in the heart from extreme oxygen 
want are (a) a great slowing of rate, ( b ), progressive descending 
displacement of the pacemaker or center of rhythm production toward 
and into the A-V node, and ( c ) interference with normal conduction 
leading to dissociation 

5 The postcrisis heart rate rapidly drops to a slow rhythm, in a 
minute or less, often m a few seconds It decreases from 120 or 130 
to 50 or 60 per minute, a drop of 50 per cent and more This change 
is associated with the development of a rhythm of aunculoventricular 
origin, six cases The sino-auncular rhythm was slowed comcidently 

30 Greene and Gilbert Proc Am Physiol Soc , Am J Ph\siol 51 181, 
1920 This reference presents a preliminan report in brief abstract of the 
findings gnen in the present paper 



GREE \ E-GILBERT — ELECT R0C4RDI0GRAPUIC STUDIES 557 

and disappeared altogether in extreme tests, three cases Reccnen 
of S-A rhythm was prompt on breathing atmospheric air 

6 In the postcrisis stage conduction was suppressed leading to com- 
plete dissociation with maintenance of auricular beats, two cases 
Complete suppression of conduction occurred or was suspected m 
cases of absence of the P wave, three cases 

7 Suppression of cardiac function during oxygen want occuried 
m the descending direction and recovery in the reverse direction, both 
as regards rhythm production and conduction 

8 Experimental tests have never been carried to the point of com- 
plete suppression of the rhythm of the A-V node, or of the conducting 
system connecting that node with the musculature of the ventricles in 
man 

9 Discussion is offered comparing the hypothesis of asphyxial vago- 
spasm and that of direct oxygen want m the tissue as mechanisms 
responsible for the phenomena observed in the human heart, but decid- 
ing evidence is not yet available K 

' We are under particular obligation to the commanding officers of the Medi- 
cal Research Laboratory and of the U S General Hospital No 9 We are also 
under personal obligation to Lieut Harry Clough, who had charge of the 
hospital cardiographic station and under whose skill the excellent electro- 
cardiograms were made To the men who took the tests to the extreme limits 
of safety, and to the noncommissioned officers who assisted m the examina- 
tions we express appreciation and acknowledgments 



THE DETERMINATION AND SIGNIFICANCE OF THE 
ELECTRICAL AXIS OF fHE HUMAN HEART-" 

FRANCIS R DIEUAIDE, M D (■ 

BALTIMORE 

The subject of the electrical axis of the heart has been receiving 
more and more attention in lecent years In the first edition of Lewis’ 
work “The Mechanism of the Heart Beat” 1 it is not mentioned Con- 
siderable attention, however, is given the subject m the second edition 2 
It is not too much to say that a thorough understanding of the relations 
of the axis is a necessary foundation of knowledge of apparently 
simple features of the electrocardiogram This paper has for its purpose 
the presentation of a new method of evaluating the electrical axis, and 
a brief discussion of some aspects of the study of the subject 

DEFINITION 

By the term “electrical axis” is meant the line along which the 
resultant of the electrical forces acting in the heart at any instant is 
expressed Or, from another point of view, it corresponds, as Lewis 
puts it , 2 to “the average direction in which the excitation wave is tend- 
ing to move at the corresponding instant of time ” This axis then is 
constantly shifting during the progress of the excitatory process There- 
fore, one speaks of “the” electrical axis only in a more restricted sense, 
meaning an axis at a particular instant or a resultant axis 

TERMINOLOGY 

The electrical axis was first discussed by Waller , 3 and this worker 
has subsequently made many observations m this field Waller arrived 
at the idea of the electrical axis by seeking an explanation of the dif- 
ferent values of corresponding deflections of the galvanometer string 
obtained in various leads His system of leads is relatively complicated 
and his terminology is obscure The direction of the electrical axis is 

* From the Cardiograplnc Laboratory of the Johns Hopkins University and 
Hospital 

t Working under the tenure of the William Bingham Fellowship in Medicine 

1 Lewis, T The Mechanism of the Heart Beat, London, 1911 

2 Lewis, T The Mechanism and Graphic Registration of the Heart Beat, 
London and New York, 1920 

3 Waller, A D Electromotive Properties of the Human Heart, Brit M J 
2 751 (Oct 6) 1888 Electromotive Changes Connected with the Beat of the 
Mammalian Heart, Phil Tr Roy Soc London, B 80 169, 1889 
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expressed m terms of trigonometry Waller worked out empiricalK, 
and later 4 proved geometrically a rather simple formula for the cal- 
culation of the angle between the electrical and the \ ertical axes 

(1) Ta„„ = 2f=i; 

in which “a” is the angle between the electrical and the \ ei tical axis , 
R is the value of the deflection denied from the light aim and left 
foot, and L is the value of that derived from the left arm and left foot 
This formula can, of course, be used for Emthoven’s angle “a” des- 



Angle “a” in terms of c I and e III For description see text 


cnbed below by substituting “cotangent a” for “tangent a ” Wallei s 
usage has not been followed by writers on the subject 

Our terminology is that of Emthoien 5 Selecting from the number 
of leads available the three in common use, he shoved that the \alue= 


4 Waller, A D Various Inclinations of Electrical Axis, Pt I, Proc Ro\ 
Soc London, B 86 507 ( Julj ) 1913 

5 Einthoven, W Le Telecardiogramme, Arch Internat Plnsiol 4 132 
1906 Weiteres uber das Elektrokardiogramm Arch f d ges Plnsiol 122 
517 (May) 1908 




560 


ARCHIVES OF JR TERN AL MEDICINE 


of the deflections so obtained are related as in his equation, according 
to which at a given instant in the cycle of the heart beat, the value of 
Lead II is equal to the sum of the values of Leads I and III 

(2) Lead 11 = Lead I + Lead III 

He later explains this i elation by comparison with the movement of a 
force within an equilateral triangle in which the projections of the 
course of the force on the sides of the triangle necessarily obey this law 
The proof of this is conveniently presented in Mann’s recent paper 0 
A line between the center of the triangle and any point on the course 
of the moving force would represent the electrical axis at that instant 
The values of the deflections, and, hence, of the length of the axis are 
expressed in tenths of a millivolt Einthoven refers to the length of 
the axis as the “manifest” value, but the term “absolute” would be 
clearer The axis is defined by the angle, called “a,” between its plane 
and the horizontal, which is taken as the zero line Angles above the 
horizontal are referred to as negative while those below are said to be 
positive This is contrary to our mathematical usage, as pointed out by 
Carter , 6 7 but it would seem best in view of the extensive work of 
Einthoven , 8 9 Lewis , 0 and Fahr 10 to continue to use this terminology 

FINDING THE ANGLE 

The fundamental equations showing the relations of the leads and 
the length and direction of the axis as worked out by Einthoven, Fahr 
and de W aart 8 are 

(3) ei = E cos a 

(4) e- = E cos (o — 60°) 

(5) e 3 = E cos (120° — a) 

In which e 5 , e 3 and e 3 represent the values of the deflections in the three 
leads respectively, E is the manifest value or length of the axis and “a” 

6 Mann, H Method of Analyzing the Electrocardiogram, Arch Int Med 
25 283 (March) 1920 

7 Carter, E P , Richter, C P , and Greene, C H Graphic Application of 
the Principle of the Equilateral Triangle, etc, Johns Hopkins Hosp Bull 
30 162 (June) 1919 

8 Einthoven, W , Fahr, G , and de Waart, A Ueber die Richtung und die 
manifeste Grosse, etc, Arch f d ges Physiol 150 275 (March) 1913 

9 Lewis, T Spread of the Excitatory Process, Phil Tr Roy Soc Lond 
207 B, 221, 1916 

10 Fahr, G E Analysis of Spread of Excitation Wave, Arch Int Med 
25 146 (Feb ) 1920 Fahr, G , and Weber, A Ueber die Ortsbestimmung der 
Erregnung im menschlichen Herzen, Deutsch Arch f klin Med 117 361 
(June) 1915 
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the angle between the axis and the horizontal From these data foi inula*, 
were evolved the determination of “a” as follows 


( 6 ) 

(7) 

( 8 ) 


Tan a = 
Tan a = 
Tan a = 


2 e; — e. 
e ( V 3 

2 es -f- ei 

e, VT~ 
e- + e-i 
(e — e 3 ) 


V 3 


On the basis of these formulas, Einthoven published tables by which 
the angle “a” may be determined after the values of the deflections are 
reduced proportionately so that the greatest is equal to 10 In a later 
article 11 is another table based on the same principle differently applied 
One or the other of these tables, chiefly the former, has been used 
m the past by most of those interested in this subject 

Pardee 12 has shown that it is possible to tell by inspection of the 
positivity or negativity of the three leads in which quadrant the axis lies 
This is because no combination of signs in the three leads occurs in moi e 
than one quadrant, which is a direct consequence of the geometric 
relationship pointed out by Einthoven 8 

Fahr and Weber 10 proposed a method of direct geometric con- 
struction of the angle The values of the deflections in two leads aie 
measured off in any units convenient on lines inclined to one another 
at an angle of 60 degrees The line representing the electrical axis run^, 

from the vertex of the angle of 60 degrees through the junction of per- 

• 

pendiculars erected at the points measured off This method is cumber- 
some and does not, lend itself to routine use, especially in the case of 
angles less than 0 or greater than 90 degrees 

Recently from this laboratory Carter, Richter and Greene, 7 inde 
pendently of the previous suggestion, set forth an adaptation of the 
same principle to the equilateral triangle In this method a figure is 
used in which the geometric construction of the lead values commonly 
met is inserted in an equilateral triangle, about which is circumscribed 
a concentric circle appropriately divided into degrees Thus the angle 
is found by the projection on the circle of a straight line through the 
center and through the point representing the lead values This method 
has been in constant and extensive use m this laboratory since its 
inception 

In the new f edition of the “Mechanism” Lewis 2 offers for use a 
figure showing the relative values m the three leads of a given manifest 


11 Einthoven, W Bergansius F L and Bijtel, J Gleichzeitige Registrir- 
ung elehtrischer Erchemungen etc, Arch f d ges Ph\siol 164 167 (June) 
1916 

12 Pardee, H E B Form of the Electrocardiogram JAM A 62 131 1 
(April 25) 1914 
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value, and the changes they undergo as the axis rotates from 0 through 
180 degrees to 0 again 11ns is not of practical value because of the 
difficulty, amounting almost to impossibility, of propoi tioning the lead 
values of widely varying manifest values at unknown angles 

In an interesting variation of the geometnc method, Mann plots the 
manifest values at successive moments and connects the points by a 
smooth curve 0 He uses rectangular co-oidinates of which “x” is given 
directly by the value of Lead I and “y" must be calculated by a formula 
from the values of Leads II and III The result is a “monocardio- 
gram” which is essentially the figure obtained by connecting the ends 
of the electrical axes as charted by Williams It may be plotted 
directly on the equilateral triangle divided as m Cartel’s Figure 5, with- 
out the necessity of calculating the “y” value 

It should be noted that Mann in his figures reverses the direction of 
the deflections in all the leads as related to the tnangle, and plots positive 
values of “x” (—Lead I) to the left This is at variance with the 
standard method of connecting the lead derivations with the string 
That is, in taking the leads the lower, end of the string is connected with 
the derivation which is normally negative, or corresponds to the zinc 
pole of a Darnell cell In normal cases, therefore, the current travels 
doAvn the string which is thereby deflected to the observers’s right (pro- 
vided the polarity of the electromagnet be properly adjusted), the move- 
ment being later described as upright Compare Mann’s Figure 2 with 
Lewis’ Figure 13 and Williams’ Figure 5 

THE METHOD SUGGESTED 

As Emthoven pointed out, there is a constant ratio between the 
values of the three leads with a given electrical axis 8 It also follows 
from his formulas, 6, 7 and 8 above, that the angle “ a ” is determined by 
the ratio between the values of any two leads This is readily apparent 
on inspection of the triangle as presented by Caiter But none of the 
methods suggested for evaluating the angle “a” has taken advantage of 
this relation, although it is, indeed, the most simple and fundamental 
relationship between the lead values and the angle “a” Table 1 gives 
the ratios between the values of Leads I and III at the various angles 
Such a table is very much more simple to use than those of Emthoven 
The ratios are derived by dividing equation (3) b} r equation (5), thus 

ei E cos a 

(9) _ = 

ea E cos (120 — a ) 
cos a ei 

(10) = — = ratio desired 

cos (120 — a) es 


13 Williams, H B Cause of Phase Difference, etc, Am J Physiol 35 
292 (Oct) 1914 
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Table 1 is presented graphically in Figure 1, a chait which has 
been found very easy to use and which gnes the result quickly The 
ordinates represent values of Lead I, positive above and negative below 
the horizontal axis The abscissae represent values of Lead III, posi- 
tive to the right and negative to the left of the vertical axis The alues 
of the angles “a” are represented in accordance with Table 1, at the intei - 
sections of the lead values giving the proper ratios To take an example, 
suppose the values +95 and + 16 5 are accepted for Leads I and III 
of an electrocardiogi am In using the chart, one locates the point rep- 
resenting these values and the angle “a” is given by the relation of that 
point to the radii drawn in In this case the point representing 
e t = + 9 5 and e 3 = + 16 5 is approximately at j- 69 degiees Also 
the ratio in this case is 0 57 + which the table of ratios shows to cor- 
respond to between + 70 degrees and + 65 degrees, much nearer the 
former This figure gives the value of the angle “a” with all the 
accuracy that is desirable 

TABLE 1 — The Angle "a” in Terms o> the Ratio, ei/ci To Find the 
Angle “a” Divide the Value or Lead I by That or Lead III and Under 
the Proper Signs for the Leads Seek the Angle Opposite the Ratio 
So Obtained 


Ritlo 

Angle " a " 

Ratio 

Angle "a” 

R'ltio 

| Angle "o’ 

ei+/ea+ 

Oi — /ei — 

ei+/e3 — 

ei — /ea+ 

C1 + /C3— j 

Cl — let 4 

00 , 

+ 90 ° , 

— 80 ° 

00 

— 90 ° 

+ 90° 

-1 11 

— 25* ' 

4-155 

+011 

85 

— 95 

-OlO 

—85 

95 

—1 23 

1 —20 1 

| ICO 

0 23 

80 

—100 

—019 

—80 

100 

—1 37 

1 -15 

165 

0 37 

75 

—105 

—0 27 

—75 

105 

—1 53 

—10 

170 

0 53 

70 

—no 

—0 35 

—70 

no 

—174 

- 5 j 

1 Vo 

0 74 

65 

—115 

— 0 42 

—65 

115 

—2 00 

o ! 

+180 

1 00 

60 

—120 

—0 50 

—60 

120 

—2 36 

+ 5 i 

-175 

1 36 

55 

—125 

-0 58 

— 55 

125 

—2 88 

10 

—170 

1 88 

50 

—130 

—0 65 

—50 

130 

—3 73 

15 

—105 

2 73 

45 

—135 

—0 73 

— io 

135 

—5 41 

20 ; 

—100 

4 41 

40 

—140 

—0 82 

—40 

140 

—10 40 

25 

—155 

9 40 

35 

—145 

—0 90 

—35 

145 

00 

SO 1 

—150 

00 

30 

—150 

—100 

—30 

150 


i 

i 



i 

/ 

The manifest value which is repiesented by E, is determined b} the 
value of any lead and the angle “a ’ To use the ialue of Lead I for 
example, one takes equation (4) above 


(4) ei = E cos a 

ei 


(11) E: 


(12) E = e, 


cos a 
1 


cos a 


It follows from this last equation (12) that one can determine the 
manifest value by multiplying the \alue of Lead I as measured b\ the 
reciprocal of the cosine of the angle ‘a” Table 2 gives the i alues 
of _ 2 — at mtenals of five degrees with interpolation % alues for one 

co= a 
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degree In the higher values the interpolations lead to slight errors, 
which are inevitable (For the angle “a” = -j- 90 degrees we cannot 
use Lead I as the factor is infinity , hence Lead III is substituted ) 
Suppose, for example, Lead 1 = 5 and “a” -f- 65 degrees Then 
— — = 2 37, which multiplied by 5 gives 11 85, the value of E 


TABLE 2 — The Value of — l — The Manifest Value Is Obtained by 

cos a 

Multiplying the Value of Le\d I by This Factor 


Angle “a" 

1 

Inter- 
polation 
for 1° 

Angle “a” 

1 

Inter- 
polation 
for 1° 

cos a 

cos a 

-+o° 

-M80 

1000 

0 001 

-1-50° 

-1-130° 

1 56 


5° 

175° 

1 004 

0 002 

55° 

125° 

1 74 


10° 

170° 

1 015 

0 004 

60° 

120° 

200 


15° 

165° 

1 035 

0006 

65° 

115° 

2 37 

Bbt. 

20° 

160° 

1 064 

OOOS 

70° 

110° 

29 


25° 

155° 

1 104 

0 01 

75° 

105° 

39 

i 

30 

150 

1 155 

0 013 

80° 

100° 

58 


35° 

145° 

1 221 

0 017 

85° 

95° 

11 5 

m 

40° 

45° 

140° 

135° 

1 305 

1 41 

0 022 

0 03 

90°* 


1155* 



* Foi ‘a" — 90° use lead III 

It should be emphasized that all these “methods” ha\e the same 
underlying principle and with the exception of that of Waller as 
explained above, are designed to reach the same result 

In practice two difficulties arise m connection with the determina- 
tion of the angle “a ” First, since the electrical axis is constantly shift- 
ing throughout the cycle of the heart beat, what axis oi axes shall be 
determined? For certain purposes it is helpful and of great interest 
to determine the direction of the axis at short intervals throughout 
the cycle or a part of it Tabulation of the results, showing clearly the 
mode of shifting present, is very instructive 14 But for practical reasons 
this is only possible in a limited number of cases In general, the axis 
is determined only for that time instant when the greatest potential 
difference is recorded by one or more of the leads, i e , at the peak of 
the Q R S complex This is then spoken of as “the” electrical axis, 
but in many ways this is misleading It is not unlikely that as the 
subject is developed it will appear that the axis should be determined 
at different instants for different purposes 

Secondly, what parts of the curves m the two or three leads shall 
we measure? The law of the relationship of the leads is only true of 
coriesponding time instants in the leads It has been shown that the 
peaks are often not in phase Strictly, then, simultaneous leads or leads 
taken with simultaneous phonocardiograms should be used 15 Unfor- 


14 Grau, H Ueber der Einfluss der Herzlage auf die Form des Elektro- 
kardiogramms, Ztschr f khn Med 69 281, 1910 

15 Fahr, G Simultaneous Records of Heart Sounds and the Electrocardio- 
gram Heart 4 147 (Nov ) 1912 
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tunately neither of these methods is available for extensne application 
Lewis 9 adjusts enlarged graphs of the three leads, one above the other, 
until the measured values in all leads at a number of instants are all 
within the law that Lead II is the sum of Leads I and III This is the 
most satisfactory method which is at present available For the routine 
determination of the electrical axis in a large number of cases we can 
only use the values of the peaks of the Q R S group In general this 
gives a value which is not widely at vanance with the accurate -value 
of the angle “a" for the time chosen 

THE NORMAL ELECTRICAL AXIS 

It has been found that the vast majority of normal electrocardio- 
grams show electrical axes at the instant of greatest potential dif- 
ference that lie within a restricted portion of the compass Different 
observers have placed varying limits upon the normal -variation but the 
precise limits are not matters of great importance Einthoven, Fahr 
and de Waart 8 placed the normal limits at 40 and 90 degrees, Waller 10 
at — 10 degrees and 100 degrees Carter and Greene 17 adopted 0 
degrees and 90 degrees which may be followed piovided too much 
emphasis be not placed on slight variations beyond these limits This 
limitation certainly embraces nearly all normal cases 

Certain important practical points are explained by consideration of 
the electrical axis and the manifest value A few of these may be 
briefly outlined 

THE EFFECT OF RESPIRATION 

The angle “a,” as is now veil-known, changes with respiration, 
being greater in inspiration and less in expiration 18 In more general 
terms, the same changes occur respectively with descent and ascent of 
the diaphragm, whatever the cause (compare, for example, the effect 
of gastric distention) The change in direction of the axis is from 5 to 
35 degrees in extent The form of the electrocardiogram as a rule, is 
not altered by this change, though the height of the chief ventricular 
waves m Leads I and III always varies somewhat with the respiratory 
phase Lead II shows the variation more rarely and to a less degree for 
the reason that most axes are more nearly parallel to the plane of that 
lead and variations in the angle under that condition have less effect 
upon the value of the lead This can be seen expressed mathematically 
for Lead I in Table 2 

16 Waller A. D Various Inclinations of Electrical Axis, Pt 1A Proc 
Roy Soc Lond , B 88 49 (Aug ) 1914 

17 Carter, E P, and Greene, C H Electrocardiogram and Ventricular 
Preponderance Arch Int Med 24 638 (Dec ) 1919 

IS Waller A D Effect of Respiration on Electrical Axis J Plnsiol 
(Proc ) 46 57 (Aug ) 1913 
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It has, howevei, often been obser\ed 19 that certain electrocardio- 
grams show a change of R to S in Lead III and certain others a change 
of S to R in the same lead It is Lead III which shows this change 
because the various axes are usually more nearly at right angles to 
the plane of this lead and therefore slight changes of direction have 
marked effects upon the value of the lead A glance at Figure 1 shows 
the geometric explanation of the change in direction of the waves At 
the angle 30 degrees Lead III is equal to 0, or, m other words, the cur- 
lent direction is at light angles to the lead plane and no movement of the 
string is recorded At angles below 30 degrees Lead III has a negative 
value and above 30 degrees a positive value Hence, in a heart whose 
axis. is close to 30 degrees the value of Lead III may be changed from 
positive to negative by a good expiration , or, vice versa, by a deep 
inspiration depending on which side of 30 degrees the axis starts from 
It should be noted that in most cases these changes are produced only 
by respiratory movements of more than normal excursion 

The peculiarity of Lead III just discussed underlies the widespread 
feeling that alterations in this lead should not be emphasized But it 
would be better to bear this explanation in mind and use Lead III for 
whatever information it may contribute Interestingly enough it will 
be seen that in cases of “situs inversus” Lead II becomes the unstable 
lead and Lead III relatively stable 

In measuring curves which show a marked respiratory variation in 
excursion the high R values in Lead I should be taken m conjunction 
with low R values or with high S values in Lead III This follows 
from the direction in which the axis shifts as explained above 

THE EFrECTS OF THE POSITION OF TIIE BODY 

Moderate changes m the position of the body have but little effect 
on the electrical axis The angle “a” is from 10 to 15 degrees greatei 
in the standing than m the sitting or in the prone position It is usually 
about the same when the patient is. lying on his back as it is when he is 
seated In the left lateral decubitus the angle "a” is increased by about 
15 degrees, and decreased somewhat less m the right lateral decubitus 19 

EFrECT OF OTHER DISPLACEMENTS OF THE HEART 

One of the earliest observations " in this field was of the effect of 
“situs inversus ” Here the effect is complete and the explanation obvious 

19 Waller A D Voluntarj Reversal of Human Electrocardiogram bv 
Deep Respiration, J Physiol (Proc ) 48 40 (July) 1914 
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Alterations m the position of the heait produced in othei wars m 
general, do not have maiked effects Pneuniothoiax, pleural cfluMon 
and similar conditions cause but slight shifting of the electrical axis 

VENTRICULAR PREPONDERANCE 

In the minds of many the subject of the electnc.il axis is linked 
inseparably with that of ventncular piedominance because it is m this 
connection that the axis finds its most obvious clinical application It 
was first pointed out by Emthoven '* that “hypertrophy’’ of one 01 the 
other ventricle is associated with characteristeric electiocaidiograpluc 
findings, now too well known to need repetition These peculiarities 
were definitely related to the anatomical conditions by two series of 
hearts examined by Lewis 20 and Cotton 21 At the same time, Lewis 
suggested that in this connection the term “prepondeiance” lather than 
“hypertrophy” should be used It should be recalled that there is nor- 
mally a left ventricular preponderance present The noimal weight 
ratio, L/R,~probably ranges between 1 6 and 2 1 When the expression 
left preponderance is used, then, it means that the left ventricle is 
thought of as weighing more than 2 1 times as much as the right 
ventricle 

The featuies of the electi ocardiogram undei discussion are such 
that they can only be interpreted as reflections of peculiarities of the 
electrical axis The “high R” m Lead I and “deep S” m Lead III 
signify a negative angle “a” (S in Lead III first appears at an angle of 
30 degrees) The “S” m Lead I and “high R” in Lead III are pro- 
jections of an axis at an angle greater than 90 degiees (S in Lead 
I first appeals at that angle) Lewis and his corworkeis 9 ha\e shown 
that the underlying change in the axis concerns the direction in -which 
it rotates Normally, the electrical axis rotates uninterruptedly in a 
clockwise dnection In case of right ventnculai preponderance the 
rotation is in the same direction but very quickly reaches high \ alues 
for “a” and extends farther When the left side is preponderant, the 
direction of rotation is counter-clockwise and the extreme deflections 
are at negative angles These departures from the normal are due to a 
disturbance in the relation between the dextrocardiogram and le\o- 
cardiogram of which the ordinary electrocardiogram is a summation 

So much it would seem is beyond controversy Lewis 2 sa) s there 
is little reason to doubt that Emthoven’s conclusions are valid, and 
stiongly suggests that it should not be assumed in case of incompati- 
bility between clinical and electrocardiographic ewdence that the latter 

20 Lewis, T Observations on Ventncular Preponderance etc Heart 5* 
367 (July) 1914 

21 Cotton, T Observations on Hvpertropln Heart 6 217 (Oct ) 1917 
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is necessarily at fault The suggestion that dilatation rather than mass 
preponderance may sometimes be piesent has been made by Waller 2 - 
and by Fahr, 23 a suggestion which m the light of our present knowledge 
needs supporting evidence In a recent paper Fahr 24 has advanced the 
theory that the abnormalities of the electrocardiogram under discussion 
are due to changes m the relations between the lengths of the bundle 
branches on the two sides This theory is at present without a satis- 
factory experimental basis 

In using the electrical axis for the purpose of estimating ventricular 
preponderance fixed limits of normality aie necessary, and 0 to 90 
degrees may be used, provided one bears in mind three points First, 
that the normal respiratory variation may be as much as 30 degrees 
Secondly, that it is not intended to attach much significance to angles 
just beyond the limits of normality And thirdly that there are other 
causes of abnormal angles, such as “situs inversus” and bundle branch 
blocks With regard to the limits defined above, it is easy to remembei 
that the angle “a” is negative when the value of Lead IILis negative 
and the ratio between the value of Lead I and that of Lead III is less 
than 2 (a negative value in Lead III does not necessarily mean a 
negative angle) A negative value in Lead I in conjunction with a 
positive value in Lead III, however, always means an axis at an angle 
greater than -f~ 90 degrees 

Carter and Greene, 10 in a papei from this laboratory, endeavored to 
show the general correspondence between the angles of the greatest 
potential difference developed and the ratios between the weights of the 
ventricles in the few cases (fifteen in all) in which the necessary data 
exist These data are those of Lewis 20 and Cotton 21 It was pointed 
out that the agreement is, in fact, striking, with the exception of three 
cases Explanation of two of these cases was offered by Cotton on 
the ground that considerable time had elapsed between the taking of the 
electrocardiogram and the postmortem examination 23 It was proposed 
by Carter and Greene to determine the direction of the electrical axis 
for this purpose by using the values obtained by the algebraic subtrac- 
tion of the value of S from that of R in Leads I and III on the ground 
that these waves represent the opposite effects of the two -ventricles 
in the rotation of the axis The angle “a” thus obtained is to be 
regarded as a i esultant 

22 Waller, A D Electrical Axis of the Human Heart, Lancet 1 1435 
(May 24), 1513 (May 31) 1913 

23 Fahr, G Clinical Application of Electrocardiography, J Mich M S 
17 10 (Jan) 1918 

24 Fahr, G E Principles of Electrocardiograph}, Arch Tnt Med 27 
126 (Jan ) 1921 

25 Stewart, H A Experimental Contribution to Studv of Cardiac H-vper- 
tropln, J Exper M 13 187 (Feb) 1911 
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This attempt at a quantitive estimation of the electrocardiographic 
evidence was criticized by Pardee,-'* who concluded that either of two 
empirical formulas gave the results neaier to the weight ratios The fu st 
of these formulas was used by Lewus in arianging his electrocardio- 
graphic findings in the cases in which he had obtained the \ enti iculai 
weight ratios, at a time when attention had only recently been drawn 
to the electrical axis The second is that ofiteied by White and Bloik 
These foimulas are essentially sinulai Pardee’s conclusions w r ere based 
on the ground that the Lewus and White formulas misplace few^er cases 
in the weight ratio series The results aie showm graphically in a ch.ul 
(Fig 1) This figure is misleading how e\er, because the weight i alios 
aie represented on one scale, the figures obtained by the formulas on 
another and the angle “a” on a third scale, so that the results are not 
comparable 

Examination of Lewis’ formula shows that it cannot under all cn - 
cumstances give a figure lepresentmg the electrocai diographic findings 
The formula is 

(13) Ri — Ri -f- S 3 — Si = index 

This index is 0 when the angle “a” as determined by Carter and Greene 
is 60 degrees and also when it is — 120 degrees For instance, suppose 
R x = 12, S x = 5, R 3 = 10, S o = 3 {"a ’ — 60 degrees) , and in a second 
case R-l == 4, S x = 10, R 3 = 2, S, ; = 8 (“ a ’ = — 120 degrees) In 
both cases the index is 0 However one determines the angle “<7,” it 
is evident that Lewis’ figure fails to show f the complete reveisal of the 
electrocardiographic data In geneial, Lewus’ formula gives a high 
positive figuie with left ventricular prepondeiance and a negatne figuic 
with preponderance of the right chambei A fuither example of the 
possible discrepancies may be gnen from our records 

Case No R, S, Ri S Lew is Index “a ' 

2314 120 0 40 1 5 9 5 +39° 

2237 70 30 1 5 65 90 —40° 

Heie, again, the electrocardiographic eudence is certainly not expressed 
by Lewus’ index 

The occurrence of waves of laige amplitude m cases of left or right 
ventricular preponderance is pointed out b) Pardee In the case ol 
left-sided preponderance, the largest wates are all Rj oi S 3 . while for 
preponderance of the right \entricle these are S, or R , facts to be 
expected on the ground of Lewus’ explanation of the electrocardiogram 
as a summation of separate largely opposing elements due to the 
spread of the excitation w'a^e through the left and right \entncle 

26 Pardee, H E B Determination ot Ventricular Preponderance \reli 
Int Med 25 683 (June) 1920 

27 White P D , and Bock A V Electrocardiographic E\ idence of \bnor- 
mal Ventricular Preponderance and of Auricular Hrpertropln \tn J M Sc 
156 17 (July) 1918 
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respectively 0 It seems impossible that consideiation of the deflection 
m one lead alone can be of value, since, for instance, a high R x of given 
value, has an entirely different significance in conjunction with a nega- 
tive value in Lead III from that which it has with a positive value in 
Lead III 

In view of the basis described for the use of the electrical axis in 
estimating ventricular preponderance, it does not seem that the method 
should be discarded because of the discrepancies in the senes of fifteen 
cases referred to above 


AURICULAR H V PERTROP H \ 

There is suggestive evidence that hypertrophy of the auricles is 
sometimes associated with “P” ivaves of increased amplitude 27 In 
estimating the height of the “P” wave the manifest value should be 
used because of the influence of the direction of the axis on the length 
of the lead values In connection with the value of “P” in Lead I, 
Table 2 can be used foi this purpose 

Space does not permit the analysis, but it can readily be appre- 
ciated that an understanding of the principles of the electrical axis is 
essential to the intelligent interpretation of split and bizai re complexes, 
and of the curves of premature systoles and bundle branch blocks 

SUMMARY 

1 The definition of the electrical axis is repeated and .the various 
methods proposed for evaluating the angle “a” are outlined 

2 That the angle “a” depends upon the ratio between any two leads 
is demonstrated and tables fc\ the direct determination of the angle 
“a” and the manifest- value, with a graph for finding the angle by 
inspection are given 

3 As evidence of the fundamental importance of the electncal 
axis its relations to the effects of respiration, the position of the body 
and other causes of displacement of the heart, on the electrocardiogram 
are pointed out 

4 The use of the angle of the electncal axis at the instant of 
greatest potential difference in estimating ventricular preponderance is 
discussed As far as our knowledge at present goes, this angle prob- 
ably gives the most accurate indication of the condition present 

Acknowledgment is made of the kind supervision of this paper by Dr E P. 
Carter 



PAROXYSMAL TACHYCARDIA 


WITH REFERENCE TO NOMOTOPIC T \CII\ CARDI V AND THE 
ROLE OF THE EXTRINSIC CARDI \C NERVES * 

ALFRED M WEDD, MD 

PITTSBURGH 

Of the recognized disorders of the cardiac mechanism, none possess 
greater interest than the paroxysmal tachycardias This affection has 
been recognized as a clinical entity for more than thirty )ears, and 
the condition has been produced experimentally by various means 
Two questions have recently been revned, one, concerning sites of 
origin, especially the possibility of a paroxysm arising at the sino- 
atrial node (nomotopic tachycardia) and the other, concerning the 
role of the extrinsic nerves of the heart Herewith I wish to report 
six cases 1 of paroxysmal tachycardia which illustrate the moot points 
and the variety of clinical conditions in which the disorder occurs 

REPORT Or CASES 

Case 1 — J W, aged 19 years, student This patient was first seen Dec 30 
1919, w'hen he came for examination because of unduly rapid and forceful heart 
action which frequently occurred following exercise He says they have been 
present as long as he can remember, and his mother recalls attacks as early 
as 5 years when the child often ran to her, frightened because of the abnor- 
mal cardiac activity An aunt has told him that when he was a small boy she had 
noticed that his heart was extremely rapid when at play Rarely, pounding of 
the heart is experienced at night but usually there is no consciousness of the 
heart except during the attacks The paroxysms are often related to exercise 
but from consideration of many attacks it is clear that they are not dependent 
on the total energy expended but rather follow sudden or spasmodic effort 
Attacks have occurred irregularly during gymnasium exercises, following cer- 
tain maneuvers in military drill, swimming especially" just after plunging into 
cold water, after a sudden spurt for a car or coughing But in carefully 
planned gymnasium work and hard labor in the hay field during the summer 
the pulse rate does not rise above 80 At the laboratory attacks have followed 
running up and down stairs but at other times this exercise or hopping until 
dyspnea necessitated rest did not bring on a paroxysm The emotional factor 
is seen in the occurrence of paroxysms while dancing and while watching an 
exciting football match These attacks always begin suddenly and cease 
abruptly, according to the patient, “it is just like shifting gears on a car” The 
duration is from a few minutes to two hours He thinks he often stops an 
attack by holding his breath or throwing himself suddenly across a led or 
convenient object,, and says that recently an attack ceased promptly alter 
pressure on the right eyeball During the attack the heart beats rapidly and 

* From the Electrocardiographic Laboratory of Mercy Hospital 

1 These patients were referred by Drs J A Lichty (Cases 1 4 and 5) 
E M Frost (Case 2), T I Johnston (Case 3) and G L Hays (Case 6) to 
whom I express my r indebtedness 
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Plate 1 — Illustrating Case 1 Patient’s dominant rhythm and records from paroxysm of Dec 31, 1919 In Lead II 
the ariow marks the application of pressure on the right vagus 
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forcefully, breathing is labored, the skin becomes flushed, he feels very warm 
and perspires profusely Occasionally, there has been pain about the heart 
Examination — April 4, 1920, the patient visited the laborator\ The puhe 
rate varied from 72 to 80, with sinus arrhythmia, blood pressure, 1 04/^8 , 
skin dry, pupils model ately dilated After running eight times up and down 
a flight of twenty-four steps he returned to the laboratory saying ‘1 am 
winded and it has not started yet'’ As he sat doum tiie paroxysm begin sud- 
denly Then the following observations were made 


Pulse Ratc and Blood Pressurf of J W (Case 1) Durim. \ Pvroxvsvi 


Time 

Pulse Rate 

Blood Pressure 

11 45 

74 

104-58 (Before exercise) 

12 07 

184 

144-80 (After exercise) 

12 10 

180 

130-74 

12 12 

180 

(Breath held) 

12 14 

116 

115-76 

12 19 

104 

105-75 

12 40 

106 

103-65 


The pupils did not show' any appreciable change, with the onset ot the 
paroxysm the face became markedly flushed and a drenching sw'eat supenened 
This attack was typical, variation is solely in duration 

Family Histoiy — The family history is interesting The paternal grand- 
father died suddenly at 48, he is said to have had a “tobacco heart” Three 
of the four sisters of the father have suffered from toxic goiter A sister 
died of tuberculosis 

Previous Histoiy — The patient himself has had measles, mumps, chicken- 
pox and whooping cough when a small boy, diphtheria at 9 years and pneu- 
monia at 13 There is no history of rheumatism or tonsillitis Growth ha>> 
been normal and general health has been excellent There are no abnormal 
symptoms and the young man leads the life of an active college student, though 
handicapped by the irregular occurrence of the paroxysms 

Physical Examination — The essential points in the physical examination 
were Development and nutrition, good No gross abnormalities 

Skin Dry Normal distribution of hair Dermograplna, central red lint 
with a broader zone of blanching on either side 
Eyes Pupils variable, often quite widelv dilated 
Mouth and Throat Negative 
Neck No enlargement of thyroid 
Lungs Negative 

Heart Localized apex impulse in fifth interspace Prccordial dulness not 
increased Sounds are of good quality and unaccompanied by murmurs \ 2 
accentuated Sinus arrhythmia with rate varying between 60 and 90 Blood 
pressure systolic, 100-126, diastolic, 58-76 
Abdomen Negative 
Reflexes Normal 

Fluoi oscopic Examination — No enlargement of heart Quick, forceful pul- 
sation, with rather jerky retraction ot apex and unusually forceful pulsation 
of the aorta Lungs were clear 

Roentgenogram of skull showed no abnormality of sella turcica Blood 
cytology normal Wassermann reaction, negative Basal metabolism normal 
Reaction to Dings — Atropm, 0 03 gm . rate increased from 60 to 100 The 
airhythmia disappeared In the electrocardiogram the P-R interval remained 
unchanged, T waves became inverted, returning to upright form m one hour 
Pilocarpm, 012 gm no general reaction No variations m details not seen 
normallv ’ Epmephrm, 1 mg No effect that could be attributed to it 
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Plate 2 —Illustrating Case 1 From records taken Dec 17, 1920 A After exercise, rate 150 B and C are continuous 
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Elcclrocai diogiams — The dominant rhythm lias ilwa\s been an V-\ 
arrhythmia, P-R interval, 0 08 second, width of R, 012 second, T wa\e- 
upright Following exercise, atropm and the paroxysms, the T wa\cs were 
inverted The first beat of the paroxysm begins at the end of the normal 
interval of the fundamental rhythm, with an instantaneous doubling oi the 
P-R interval, halving of the duration of R, and inversion or disappeai nice 
of T The termination of the new rhythm is apparently by the production or 
a vagus block, prolongation of conduction time and failure of \entncu1ar 
l espouse The rate of the paroxysm is from 180 to 195, variation m the R-R 
intervals occurs and at times is due to variation, amounting almost to nltemi- 
tion, in the P-R interval The figures in Plate 1 w'ere taken m the latter part 
of December, 1919 Plate 2 was recorded Dec 17, 1920 

Case 2 — A woman, 52 years of age, had suffered for mam years from 
hyperacidity and constipation associated with alimentary stasis which is the 
result of marked visceroptosis The examination of the cardiovascular system 
is negative, except for the disturbance of the cardiac mechanism Ectopic 
beats are known to have been present for 'the past fi\e yeais The first att lek 
of paroxysmal tachycardia occurred in February, 1919 Since then paroxysms 
have been of frequent occurrence, they often come on in the early morning 
hours or after meals and have varied in duration from a few' minutes to eight 
hours Vagus pressure has been tried by several physicians, none of whom 
have succeeded in stopping the paroxysm by that means Relief has usualh 
followed emptying the stomach by' an emetic The ectopic beats are seen to 
arise in the left ventricle However, the electrocardiogram taken during the 
paroxysm indicates that the new rhythm arises in the A-V node and that 
reversal of the mechanism occurs , the type of curve suggests some defect m 
conductivity of the left branch of the bundle (Plate 3) The illustration was 
recorded during the afternoon of Oct 27, 1919 The paroxysm began about 
lpm Vagus pressure, aromatic spirits of ammonia, atropin 0025 gm , and 
finally, the passage of a stomach tube failed to arrest the paroxysm, which 
continued with occasional interruptions by a few normal beats until about 
8pm when it suddenly stopped There was no cyanosis or dyspnea during 
the attack The atropm caused marked dryness of the mouth and blurring of 
vision Of late there have been no attacks This is attributed to daily gas- 
tric lavage 

Case 3 — This patient, a single man, aged 24 years, w r as referred April 6, 
1920 with the complaint that on going to bed at night his heart became 
irregular and rapid, there being a succession of attacks during which the heart 
suddenly' “started up,” beat rapidly for a few minutes and then stopped abruptly 
There was no pain, no shortness of breath and no symptoms other than the 
consciousness of the irregularity and this prevented sleep The condition had 
been present since hi s discharge from the army in May’, 1919 and was attributed 
to confinement in an office He had influenza in January', 1919, while m France 
There has been no loss of weight or strength nor unusual fatigue He 
plays volley ball and bowds regularly, without any symptoms referable to the 
cardiovascular or respiratorv system The hands and feet w'crc often unduh 
moist, though the skin activity', in general, w’as not cxcessne, lamination or 
salnation has not occurred 

The family and the patient’s past history are without significance He lias 
not had either rheumatic fever or tonsillitis Venereal diseases were denied, 
the blood Wassermann reaction w r as negatne 

Physical Examination — Development and nutrition, good 
Skin Generally' dry', except the palms which were cold and clammy Rea 
line dermograplua 

Eyes Palpebral fissures abnormally wide pupils dilated Muscular rc ic- 
tions normal 

Mouth Teeth good, no apparent pathologc in tonsils 
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Neck No enlargement of thyroid 

Lungs Negative 

Heart Apex beat in fifth interspace No enlargement of percussion dul- 
ness Sounds of good quality, without murmurs or abnormal accentuations 
Rhythm, irregular due to the occurrence of frequent ectopic beats and short 
paroxysms of tachycardia The systolic blood pressure varied between 90 
and 112 and the diastolic from 60 to 75, during the paroxysms the systolic 
pressure fell to 80, the diastolic could not be read 

Abdomen Negative 

Reflexes Those at elbows and the knee jerks were exaggerated, plantar 
response, normal 

Blood Cytology, normal except for a slight leukocytosis, 9,400 present dur- 
ing the second examination which was probably due to recent pharyngitis 

Paroxysms of tachycardia were of frequent occurrence The taking of the 
pulse by the nurse or any of the laboratory procedures were sufficient to 
cause their appearance They were usually of very short duration, lasting 
from a few seconds to one half hour, and averaged about 100 cycles The 
average rate during the spontaneous paroxysm was 162, with variation of 
about 0 02 second in the R-R interval The normal electrocardiogram is that 
characteristic of excessive sympathetic tone, with relatively large P and T 
waves and low R Periods of slow nodal rhythm were seen occasionally The 
paroxysms are believed to arise in the A-V node In Lead I is seen a nodal 
beat, followed by a beat with a short P-R interval, then P is definitely behind 
R when the paroxysm begins At the end of the paroxysm was either a nega- 
tive P wave or the last beat showed a small upright T and resembled many of 
the isolated nodal beats (Plate 4) 

Epinephrin was without any effect, and while pilocarpin produced intense 
sweating there did not seem to be any specific effect on the electrocardiogram 
However, following the injection of 003 gm atropin a paroxysm came on in 
a few minutes which continued at a rate of 184 during one and one-half hours 
that the patient remained in the laboratory, and according to him did not stop 
for four hours 

Case 4 — A farmer, aged 63, came to the hospital for prostatectomy When 
first seen there was an irregularity due to occasional ectopic beats which arose 
at a low level in the atrium A similar irregularity of the pulse was noted 
eight years ago when he had an eye infection There has been no dyspnea on 
exertion, no thoracic pain, no edema of the extremities 

Physical Examination — The prominent points of the physical examination 
were The face was flushed and there was slight cyanosis of the lips The 
lungs showed marked senile emphysema The heart was not enlarged there 
were systolic murmurs at both the apex and over the aortic area the aortic 
second sound was accentuated Blood pressure, 130/80 The first paroxysm 
was recorded Dec 3, 1919 When questioned the patient said he had noticed 
slight discomfort about the heart but thought nothing of it Subsequently 
many attacks were observed , it was not unusual for one to begin during a 
bedside examination One attack is known to have lasted two hours The 
patient was never conscious of the abnormal rhythm and the surgical history 
was uneventful 

From a comparison of electrocardiograms showing the isolated premature 
beats and those of the paroxysms, it seemed that the two arose at the same 
focus The paroxysm is typical of the atrial tachycardias which arise well 
below the pacemaker The illustration was obtained Jan 24, 1920 (Plate 5, A) 
Pressure on the right vagus was exerted fourteen cycles before the effect 
noted Although the paroxysm soon returned, this is doubtless an example 
of an ectopic rhythm which was influenced by vagus pressure 

Case 5 — Man, aged 77 years, whose sole complaint was that he had had 
a bad taste in his mouth for the past five years He has been short of breath 
on exertion for many years, but has never had any edema nor has he been 
conscious of any abnormal cardiac activity 
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Physical Examination — Skin Deep cyanosis of lips, tongue and oral mucosa 
Lungs Senile emphysema 

Heart Slightly enlarged to the left Systolic murmur heard over entire 
precordium and transmitted to vessels of the neck Rhythm, very irregular 
Blood pressure, 200/80 Marked thickening of the peripheral vessels 
Abdomen Liver enlarged and tender to pressure 
Extremities Negative 

Fluoroscopic Examination — Slight enlaigement of heart Localized enlarge- 
ment of the arch of the aorta, an exaggeration of the usual senile knuckling 
Marked opacity of the aorta t 

Electrocai diogi am — Shows numerous ectopic beats which arise at two differ- 
ent levels in the atrium and in the left ventricle, also short paroxysms of 
tachycardia originating at a low level in the atrium The last two cycles of 
the paroxysm suggest a shifting of the pacemaker to a higher level in the atrium 
(Plate 5, B) Because of the short duration of the paroxysms it was not possible 
to judge the effect of vagus pressure 

Case 6 — The patient, a woman, aged 58 years, was in the hospital during 
the week of Jan 3, 1921, suffering from pain m the lower right quadrant of 
the abdomen A mass is said to have been palpated and an exploratory lapara- 
tomy advised, but the patient refused operation and left the hospital on the 
afternoon of January 10 The next morning, about 4 o’clock, she was heard 
moaning by her niece with whom she was staying She seemed very weak, 
was unable to speak for several hours, the pulse was almost imperceptible 
and the family believed she had suffered a stroke A physician was called 
later He noted the rapid heart action The following day, January 12, the 
patient was brought back to the hospital 

Physical Examination — Examination was made at 7 p m, the principal 
details of which were A well developed and well nourished woman, whose 
appearance when first seen suggested that she was ten years older She was 
able to recline without pillows, and was free from pain or any discomfort, 
except the consciousness of a rapid and pounding heart The lips and fingers 
were slightlv cyanotic The lungs were negative , no moisture was present 
In the abdomen, the liver edge was palpable, and there was tenderness on 
pressure over the cecum The heart was enlarged a little to the left Both 
sounds were very weak, unaccompanied by murmurs and without accentuations 
The apex rate was 180, and the rhythm was regular, and although the radial 
pulse was very weak, all beats came through to the wrist Blood p d»sure 
95/82 The electrocardiogram showed a regular tachyc°i d.i “\vith a rate of 
180 The type of curve was supraventricular and from careful examination 
of a considerable length of record it is believed to have had its origin in the 
lower part of the A-V node and that leversal of the mechanism occurred the 
P wave appearing as a small notch at the end of R (Plate 5 C) Holding 
the breath, pressure on the vagus m the neck and on both eyeballs was without 
any influence whatsoever on the rhythm 

Clinical Comse — Morphin was given and the patient rested well through- 
out the night At noon, January 13, the apex rate was still 180, blood pressure, 
95/75 Crepitant rales were heard at both bases, and the liver seemed larger 
than on the first examination There was no dyspnea and she was comfortable 
except for the palpitation Tincture of digitalis in 5 cc doses was given at 2 
and at 4 p m Promptly, after the second dose, according to the patient, she 
vomited a large amount of “bile,” the heart suddenly became slower and she 
dropped off to sleep When seen at 7 p m the improvement m general appear- 
ance was quite srtiking The pulse rate was 84 and the blood pressure 122/85 
The electrocardiogram showed a normal mechanism 

Januarv 15 a short paroxysm was reported but not studied Examination 
the following day sfiowed the pulse rate to be 80 and the blood pressure 
145/75 , the lungs were free from moisture and the liver was not palpable 
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Subsequent questioning brought information to the effect that since she was 
15 years old the patient had suffered from such attacks which were characterized 
by very rapid beating of the heart They frequently came on when at school, 
at times they were related to fatigue and again occurred during the night 
No definite precipitating causes have been known Fainting often occurred 
at the onset Almost invariably the paroxysm has stopped after vomiting 
Frequent examinations by numerous physicians have failed to reveal any signs 
of heart disease and physical and radiographic examinations during the week 
following the long paroxysm showed no evidence of disease either of the 
valves or of the myocardium The previous paroxysm occurred last October 
The one described was of the longest duration, having lasted for at least 
sixty hours 

This case is especially interesting in comparison \$ith the first case cited, 
and recalls the analogy of Bouveret between epilepsy and paroxysmal tachy- 
cardia in that the individual is alwajs under the menace of new paroxysms 
The increasing duration of the attacks with the appearance of signs of myo- 
cardial failure during the latest one is of prognostic significance 


NOMOTOPIC TACHYCARDIA 

Lewis 2 has defined paroxysmal tachycardia as an affection in which 
the heart rhythm (smo-atnal nodal rhythm) becomes submerged and 
the heart responds to impulses formed at a more rapid rate in some 
other portion of its walls Such a definition precludes the conception 
of a nomotopic tachycardia and the later statement that paroxysms 
arising in the sino-atrial node have not as yet been identified follows as 
a corollary Likewise, Mackenzie 3 states that paroxysmal tachycardia 
is a term to indicate the starting of the heart’s contraction at an abnor- 
mal focus with a sudden increase in the rate of the heart Donzelot. 4 
in a study of the pathology of paroxysmal tachycardia, has included all 
exaggerated accelerations of the heart which begin and end abruptly 
ffis classification embraces ( a ) Regular paroxysmal tachycardia, 
which results from displacement of the stimulus, though he says it is 
possible to conceive the existence of a paroxysmal tachycardia, 
“normotope,” but “heterotype” ( b ) Auricular- tachysystole, atrial 
flutter (c) Irregular paroxysmal tachycardia, atrial fibrillation 
Wenckebach has described nomotopic tachycardia and recently G Galh ^ 
reported a case with polygraphic records which he believed arose in 
the normal pacemaker, and has argued for nomotopic paroxsyms of 
neurogenic ongm Certain of his theses are worthy of criticism I and 
IV If vagus pressure is sufficient and prolonged it is usually success- 
ful in stopping the paroxysm the Valsalva experiment reduces the 

2 Lewis, T The Mechanism and Graphic Registration of the Heart Beat, 
New York, Paul B Hoeber, 1920 

3 Mackenzie J Principles of Diagnosis and Treatment in Heart Affections, 
London Oxford Press, 1916 

4 Donzelot E Les Tach\caidies Paroxj stiques Etude Pathogenique 
Ann de med 11 155, 1914 

^ Galh G Sur les Mecanisme de Terminaison et de Debut des Acces dans 
la Tach\ cardie Paroxj stique (Nomotope) Arch d mal du coeur 12 289, 1919 
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t ratine: C tse a C. Illustrating Case 6 About thirt\-si\ hours after onset of parowsm D 'I went} -sin cn Iiours later 
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frequency of simple tachycardia and often arrests a paroxysm those 
tachycardias not thus relieved are of heterotopic origin The failure of 
vagus pressure on the basis of inadequate stimulation is difficult to 
answer Surely but few continue vagus pressure for thirty minutes 
The common practice is to apply pressure until the heart action is 
altered or the discomfort produced demands its discontinuance It is 
the usual experience of those who iesort to this procedure that in some 
cases it is apparently successful while in others there is no effect In 
Case 1 of the present series the effect of vagus pressure was doubtful 
and in the case of Carter and Wedd 0 no pressure that could be endured 
influenced the paroxysm On the other hand, there are numerous 
recoids of unquestioned heterotopic tachycardias which are definitely 
aftected by stimulation, for example, Case 4 In Case 3 the patient 
had long successfully practiced the Valsalva experiment, but the effect 
of vagus pressure is difficult to interpret because of the recurring short 
paroxysms, and the fact that there was no change in the electrocardio- 
gram III Atropm in sufficient dosage may induce a paroxysm of 
tachycardia It did in Case 3, but the paroxysm* arose at the A-V 
node, not the sinus node V An emotion may bring forth a paroxysm 
But again, it may be a heterotopic rhythm, as in Case 3 VII There 
occurs at times an abrupt passage from normal rhythms to that of 
simple tachycardia This presupposes proof of the exact nature of 
both^phases From observation alone of the movements of the gal- 
vanometer string during the paroxysm in Case 1 that seemed to occur, - 
but examination of the record showed that without any pause, the 
change in rate from 115 to 188 followed' a shift of pacemakei to a 
higher level in the auricle, with prolongation of A-V conduction and 
other changes in the electrocardiogram X Rhythmic oscillations 
may occur during a paroxysm, this is characteristic of sinus actnity 
The slow mechanism in Case 1 is an A-V arrhythmia It is not possible 
to deny that fluctuation might occur in nodal tachycardias, though this 
rarely, if ever, occurs in any marked degree VIII The electrocardio- 
gram usually shows a negative P wave and shortened conduction time 
but P is not always inverted even in cases of evident nodal rhythm 
moreover the eye accustomed to the perusal of electrocardiograms may 
be occasionally deceived, and finally the electrocardiogram is often diffi- 
cult to interpret and ambiguous All this is admitted, and likewise 
the conclusion that because the electrocardiogram shows most tachy- 
cardias to be heterogenetic, it is unjust to insist that only extrasmusal 
tachycardias may occur However, when the electrocardiogram fails to 

6 Carter, E P, and Wedd, A M Report of a Case of Paro\>smal Tachy- 
cardia Characterized by Unusual Control of the Fast Rhjthm, Arch Int Med 
22 571 (Oct) 1918 
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show the origin of the rhythm, to what shall one turn? Poh graphic 
records may be more simple of interpretation, but who shall vouch for 
their authonty? 

Shortly aftei the appeal ance of the paper by Galli, a ca^e of 
paroxysmal tachycardia was reported by Boden 7 in which during the 
paroxysm, the P wave of the electrocardiogram was similar to that m 
the normal, but with an increase m negativity in the \cntncular com- 
plex After atropin the electrocardiogram was exacll) like that dm mg 
the paroxysm, though the rate mci eased to only 144 while that of the 
paroxysm was 170 This was interpreted as a case of nomotopic tachy- 
cardia lesulting from dominance of the accelerator system In the 
discussion of the case of paroxysmal tachycardia with voluntary con- 
trol reported by Carter and Wedd, while the term nomotopic was not 
used, it was stated that there could be no ectopic focus wholly removed 
from neurogenic control which was lesponsible foi the fast rhythm 
More recently White 8 has considered this subject in a study of a case 
in which there w^ere short "paroxysms,” but no abrupt onset or oil set 
in the rapid ihythm The P wave remained upright and fell back on 
T and there w'ere slight variations m the intervals between beats at the 
height of the paroxysm, the maximum rate of which w r as about 188 
This -was called "paroxysmal tachycardia, arising in or very near the 
smo-atnal node and not showing an absolutely abrupt onset or offset ” 
From the definitions given and the work cited the existing confusion is 
apparent In the light of Lewis’ later w r ork, closer relations between 
extra-systoles, paroxysmal tachycardia, flutter and fibrillation are 
indicated, and it may well be that Donzelot in his clinical classification 
five years ago w ; rote better than the experimental knowledge of the 
tune warranted But to introduce as a paroxysmal tachycardia an 
altered mechanism which is neither heterogenic, ectopic nor parox} smal 
in the common clinical meaning of having an abrupt onset and ofT-et, 
is to further complicate the situation by bringing into the category 
simple tachycardias 

As to the nature of paioxysms of tachycardia the conclusion is 
inevitable (Lewis) that the paroxysm is composed of a series of extra- 
systoles Extrasystoles definitely known to arise in either the S-A or 
A-V node are rare, though their possibility or existence is not denied 
(The term "extrasystole” is here used following the terminology of 
Lewns Theoretically, the only true extrasystole not an ectopic beat is 
an interpolated sinus extrasystole Inasmuch as practical!} all so-called 

7 Boden, E Uber den Emfluss der langcn Hermcnen auf die Form dcs 
Elektrocardiogramms in emen Fall ion Parowsmaler Tachvcardie, Deutsch 
Arch f klin Med 130 249, 1919 

8 White P D Clinical Observations on Unusual Mechanisms oi the \uric- 
ular Pacemaker, Arch Int Med 25 420 (Ma\) 1920 
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extrasystoles are in leality ectopic beats, it would simplify a discussion 
of heterogenetic impulses and clarify their inter-relation if the formei 
term could be dropped from the literature ) The occurrence of ectopic 
beats in the tachycardias under consideration may be mentioned at this 
point In Case 1 no isolated abnormal beats have ever been seen In 
Case 2 ectopic beats arising in the left ventricle have been frequently 
recorded , the paroxysm, however, was probably of supraventricular 
origin Nodal beats weie frequent in Case 3 and often occurred in 
pairs In Case 4 ectopic beats arising at a low level in the atrium were 
constantly present, often giving rise to a coupled lhythm and from the 
conformation of the curves it appeared that the paroxysm arose at the 
same focus In Case 5, although both ventricular and atrial ectopic 
beats occurred, the only paroxysms recorded were of the atrial type 
No ectopic beats have been noted in Case 6, but the patient was under 
observation only ten days Paroxysms which arise in the A-V node are 
known Case 3 affords another example There is no difficulty in this 
case, likewise m Cases 4 and 5, m seeing the paroxysm as a succession of 
extrasystoles If extrasystoles can occur m the sinus node what is 
there to prevent a series of them? And if increased irritability may 
occur abruptly in the A-V node resulting m a succession of beats that 
constitutes a paroxysm, what prevents such an accident at the sinus 
node? Doubtless the more complete, at least better known, regulatory 
mechanism at the sinus node is an important factor 

In any criteria for paroxysmal tachycardia it would seem well to 
insist that the essential characteristic of the new rhythm shall be its 
abrupt onset and termination A recent observation is that of a woman 
of SO years of age who had had a finger nail removed, with cocain for 
the local anesthetic Following the operation the pulse rate increased 
to 160 and she thought that the rapid and forceful heart action came 
on suddenly as she was being helped into bed The cardiac mechanism 
was watched with the galvanometer for two hours The electrocardio- 
gram at this time and later showed that the rapid rhythm aiose at the 
sinus node The systolic pressure varied between 200 and 185 and the 
diastolic remained at about 110 From subsequent observations it 
appeared that the normal pressure was 150/85 The rate remained 
quite constant for about three hours , vagus pressure produced tem- 
porary slowing but did not break the rhythm It seemed for a time as 
though this might be a smo-atrial paroxysmal tachycardia, but after 
four hours the rate was 140 and after six horns 120, the next morning 
it was 100, and during the two following days varied between 80 and 
124 In experimental accelerator stimulation sino-atnal rates from 
150 to 250, and occasionally higher, have been obtained In Case 1 the 
nodal rhythm following exercise reached the rate of 150 The par- 
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oxysms reported showed rates varying between 120 and 195 It h 
not necessary to consider any rhythm which shows neither thsplate- 
ment of the stimulus nor an abrupt beginning or ending as other than 
a simple tachycardia Rate alone can ha\e no place as a cntennn for 
paroxysmal tachycardia 

The difficulties of establishing a nomotopic paioxjsm in naans ot 
the electrocardiogram aie manifold It is necessary to considci, and to 
differentiate, if possible, not only the intrinsic changes that may accom- 
pany the new rhythm but changes that may be due to increase in late, 
stimulation of the cardiac nerves or changes m chemical enviionmcnt, 
associated with or dependent on either of the foregoing' 1 No analysts 
of the paroxysm is reliable unless the onset and termination ha\c been 
recorded The lecord of Boden is wanting m this respect That of 
Galh need not be considered because of the inadequacy of jxilygraphic 
records In Case 2, if one were to consider only the fully dev eloped 
new rhythm, especially Lead II, it would not be difficult to establish ,t 
nomotopic tachycardia , the wave preceedmg R could be regarded as P 
and the conduction time would be normal , the small thickening aftei R 
would be called T and the diminished size, likewise the notching and 
the widening of R would be attributed to alteration in neivc conti ol or 
chemical environment But the facts that after a brief respite the par- 
oxysm invariably begins without an atrial wave, and that the definite 
wave between the spikes spaces accurately as a T w r ave, cannot be dis- 
missed Another possible interpretation is that the paroxysm auscs in 
the upper part of the right branch of the bundle and independent atrial 
contractions occur at the same rate But from consideration of all the 
facts, a nomotopic tachycardia is impossible In Case 1 there is an 
abrupt onset of a rapid rhythm apparently with displacement of the 
pacemaker to a higher level, lengthening of A-V conduction from 0 0S 
to 0 16 second, a lower and nai row r er R wnve and absence of f \s 
has been noted, the paroxysm of tachycardia is but one feature of a 
temporary but profound sympathetic stimulation This question arises, 
are these changes in the electrocardiogram specific for the new rhythm 
oi are they the result of sympathetic stimulation acting on the original 
rhythm, an exaggeration of those seen after the earlier exercise The 
inversion and disappearance of T has been seen before, the lowering of 
R and shortening of ventricular response may be due to the increase m 
rate Sympathetic stimulation tends to decrease A-V conduction and 
increase m rate to prolong it The fact that the conduction time in this 
first cycle is practically double that of the preceding is significant and 
the later lengthening may be associated with increased rate If as 

9 Mines G R On Djmmic Equilibrium i.i the Hean 1 Pin mo! 46 
349 1913 



586 


ARCHIVES OF INTER \ 4L MEDICINE 


Lewis says the changes seen during the paroxysm aie an intrinsic pait 
of the new mechanism then this is a new lhythm arising at a higher 
level in the atrium and details suggest that its origin may be the S-A 
node In the absence of authoritative criteria nomotopic paroxysmal 
tachycardia cannot be proved in clinical electrocardiograms, but to den) 
the possibility of the same is to deny to the sinus node properties of 
irritability and rhythmicity present m the A-V node, also a homogenetic 
centre, and other loci in the heart where these functions are normally 
present m less degiee, and surely this requires proof 

THE ROLE OF THE EXTRINSIC NERVES 

The i elation of the extrinsic nerves to cardiac n regularities has 
been extensively investigated The attempt to control paroxysms of 
tachycardia by vagus pressuie has long been practiced The actual 
effects are debatable While there are those who believe the proceduie 
infallible, according to Lewis either there is no effect or the new rhythm 
abruptly ends and the normal rhythm is resumed In Case 1, m which 
a agus control might be expected, on one occasion the paroxysm stopped 
twenty cycles after the application of piessure, prolongation of con- 
duction and failure of ventricular response occurred, a common result 
of vagus stimulation But at another time the paroxysm terminated 
m an exactly similar way when no pressure was used and the patient 
made no effort to stop the paroxysm The same mechanism was seen 
for the third time, when the individual held his breath to stop the 
attack In the case of Carter and Wedd, likewise a possible nomotopic 
tachycardia, there was lengthening of the P-R interval of the last cycle 
and failure-of ventricular response terminated the paroxysm, although 
this could not be brought about by vagus pressure It would seem m 
these two cases, both of which were due to predominant accelerator 
action, as though the normal rhythm was restored by a resumption of 
vagal tone, but that this did not occur as the lesult of interference from 
without In Case 3, in which the paroxysms were definitely of sympa- 
thetic origin, one 'paroxysm continued for fifty-nine beats, being of 
longei duration than many, and ended abruptly without any change in 
the electrocardiogram In Case 4, an atrial tachycardia, vagus pressure 
did apparently break the ectopic rhythm by the production of block 

The accelerator system has likewise received much attention 
Bouveret 10 in 1889, from two cases of his own and from similar ones 
m the liteiature, described the malady that has since borne his name 
essential paroxysmal tachycardia, which occurred m individuals said to 
be free from any disease of the heart, thyroid or central nervous system 

10 Bouveret, L De la Tachj cardie Essentielle Pafoxystique, Rev de med 
9 753, 1889 


V 
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Because of noimal findings m the mtenals between attacks he argued 
that the trouble must come from a profound disturbance in the mncr\a- 
tion of the heart and believed that the mechanism was In excitation of 
the accelerator nerves, probably in the mtracardiac ganglia The 
etiology included a combination of physical and cerebral causes, physi- 
cal fatigue, emotion and sense of cold were gi\en as precipitation causes 
of the paroxysms Rothberger and Wmterberg, 11 studying the efTect 
of stimulation of the acceleratoi nerves and sympathetic ganglia, found 
the usual reaction to be a simple tachycaidia with characteristic changes 
in the electrocardiogram, in one instance after stimulation of the left 
accelerator a negative atrial yvave appeared without increase in fre- 
quency, following simultaneous stimulation of both accelerators T 
almost entnel)'- disappeared and when present was a negative wa\e In 
a later work they produced a heterotopic tachycardia by sympathetic 
stimulation in a heart previously treated with barium chlorid Donze- 
lot reported extrasinusal or heterotopic tachycardias from stimulation 
of the left stellate ganglion Levy 12 has shown the occurrence of 
ectopic ventricular beats after accelerator stimulation in cats which 
yvei e under light chloroform anesthesia Clerc and Pezzi 1 1 obtained 
heterotopic tachycaidias arising in various levels of the A-V node aftei 
excitation of the accelerator nerves, but instead of faradic stimulation, 
they lesorted to strontium chlorid and mcotm for exciting agents 
The conclusion of Lewis from his consideration of experimental and 
clinical cases is that it has not been showm that abnormal nerve impulses 
playing upon a normally nourished heart may be responsible for extra- 
systoles or higher types of disorders, but that neivous impulses placing 
upon an irritable heait may provoke such leactions 

Galli 14 recently reported a case in yvluch paroxysms aie said to ha\c 
come on after atropm, and which he believed to be conclusive evidence 
of vagus control of the paroxysm Leyvis emphasizes the fact that this 
occurred m a patient subject to paroxysms Moreover in this case the 
small dose of atropm generally given and the delayed response cast 
some doubt on the atropm effect One mg hypodermically is a small 
dose, and the tachycardia did not develop for forty-three minutes The 
atropm effect ordinarily has begun to yvear away by this time The 
only convincing record is that in his Figure 5, in which the paroxysm 
came on fifty minutes after the administration of 30 drops by mouth 

11 Rothberger and "Wmterberg Ueber die Bezichungen der Herznenen zur 
Form des Elektrocardiogramms, Arch f d ges Plnsiol 135 506, 1910 

12 Levy, A G The Exciting Causes of Ventricular Fibrillation in \nunals 
under Chloroform Anesthesia, Heart 4 319 1912 

13 Clerc A, and Pezzi C Le Rythme Septal du Coer \reh d m d du 
coeur 13 103, 1920 

14 Galli, G Attacks of Parox\smal Tachycardia Following Atropm Heart, 
7 111, 1920 
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and persisted for two and one-quarter hours, and here it is the com- 
parative duration that is important In Case 3 of this series shortly 
after the administration of 2 mg atropm a paroxysm occurred at a 
higher rate than the spontaneous paroxysms, and persisted without 
interruption for four hours, during which time no usually successful 
maneuvers would stop it The higher rate in this paroxysm may have 
been due to the fact that although the spontaneous paroxysms resulted 
from heightened accelerator action the vagus still exerted some 
influence, which was removed by atropm That a slight mental dis- 
turbance occurred may have indicated unusual susceptibility to this 
drug, but the cardiac response was such as to leave 'no doubt that the 
abolition of vagus tone was a definite factor in the long paroxysm 

The position of Lewis, which postulates an underlying toxemia 
rendering the heart abnormally susceptible to unusual activity of the 
extrinsic nerves, is incontrovertible, for who can prove that there is no 
subtle poison at work It remains to inquire into the possible nature 
of the toxins Damelopolu, 15 accepting the doctrine that paroxysmal 
tachycardia cannot originate in an intact myocardium, described an 
interesting case of exophthalmic goiter m which there were paroxysms 
of tachycardia associated with unilateral exophthalmos According to 
his explanation, simultaneous stimulation of both accelerators occurred, 
that of the right gave rise to the exophthalmos and the left, to a hetero- 
topic tachycardia For the latter he assumed a lesion in the bundle of 
His which was in a hyperexcitable state and the toxic product of the 
thyroid gland acted as the exciting agent A few cases of paroxysmal 
tachycardia have been reported in which histologic findings were nega- 
tive, and in the case of thyroid disease it does not appear necessary to 
presuppose an organic lesion , moreover, this is unlikely in the early 
stages of the disease Besides the affections attributed more or less 
definitely to the thyroid there remains the entire gamut of disorders of 
the autonomic nervous system Cases 1 and 3 of this series hardly fit 
into any of the groups included under exophthalmic goiter or in that 
of the irritable heart, nor is there sufficient reason to believe that early 
organic heart disease exists In the first case the paroxysm is only an 
incident in the violent reaction to sudden sympathetic stimulation, the 
drenching sweats are the outstanding feature for the patient In the 
other case, the dilated pupils, sweating palms, dermographia and 
unstable cardiac mechanism constitute a familiar clinical picture, of 
which the paroxysms so easily provoked are only a part But these 
individuals belong somewhere among the confused syndromes called 

15 Damelopolu, D Acces de Tachycardie Paroxystique avec Exophthalmie 
Unilaterale chez une Ancienne Basedowienne, Compt rend Soc de biol 79 
103, 1916 
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endocnnopathies It is hardly actwrble to empha^ce Cr-e m J4 
connection, except to recall that there is a definite hiSto~\ of anwe; > 
ot tachycardia extending o\er a penod of tom -three ye'*-- and * M "t 
even today there is no demorstraoie ex dence of iiean di-e' 1 -^ n ,! e 
usual meaning of that term and to suggest the T tni> ivttie* t nelo ’g- „ > 
the same group In such conditions is rot the consideratio i of mxx 
substances rendenng centers aonormaliy -u-ceprbA to nerxou- ” fine ce 
illicit precipitate the di>iuroarces merely caliuig one tiling i>\ uv 
names or perhaps attempting to push the question ttirtl er back uno the 
chemical pathology of the autonomic system’ And mr\ ’t no ’v ti at 
xxhen tins pathology shall be understood there mil stand o »e gnxip o 
paroxysmal tachycardias due to faulty nervous control a> Bouxert. h->~ 
wntten die fault being whatever max come to be recogmaed as oat! 
logic in the autonomic nerx ous sy stem ' 


SUMMARY 


Six cases of paroxysmal taclncardia are reported Txxo are i ’ 
elderly indmduals in xx'hom there are signs of degeneratixe change- 
involving the heart and aorta This is a frequent association and the 
paroxysms are beliexed to be expressions of high imtabd.ty j i mA.u- 
matory foa m the muscle xxah A third cr.se is an example of -> group 
of paroxysmal tadiycardias that are usually considered to tie of ref 5 ex 
origin The visceroptosis and alimentary stas'" are of long >*cnd» g 
The recent appearance of paroxysm* wnere formerlx ectoo c re t- 
alone occurred indicates an altered response on the part of d e i errt 
The direct relation between the paroxysms and the ahmettarx en i - 
don is apparent and suggests tha.i the paroxysms are rrnlrgou* *o ti o-c 


produced by hgadon of the corona.ry arteries- Decruse n ; rec 
displacement embarrassment of the coronary c.rcuhtion ’•e-nlt 
there may haxe occurred changes m the heart muscle mt de'ecta 
physical signs which render d'e myocardium less to’e-n-: of 
ference with its olood supply Th-ee of tne cases seem to iuV 
requirements of the malaoie de Bonxeret Trene i- o ex me 
organic heart disease nor of Graves’ averse or «o-c?'loi In- 
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roidism The two young men a~e suffering from so re d , =ardc*‘ <■>: the 
autonomic nerx ous system *n winch trars ert predonx amce w the 
accelerator division frequently occurs In tin* connection ti e - -’e o: 
the extrinsic nerves of the heart rt paroxysms of tacm <mrai“ 1 5 -- 

considered ana it is behex ea unnecessary to posm’-de d c ex-s'e-eg <•>* 
an underlying toxemia which renders d'e u eart abn rid y *u*ccmm .* 
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same thing, ana ; t is hardly necessary at p^ese^t *o attempt to 1 
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Concerning nomotopic paroxysmal tachycardia there is much con- 
fusion m the literature and the most authoritative definitions of par- 
oxysmal tachycardia do not include even the possibility of its existence 
It is suggested that the first requirement of any paroxysm shall be an 
abrupt onset and termination The necessity of recording the onset of 
a paroxysm for its correct analysis has been pointed out In the first 
case reported, m which the dominant rhythm has its origin in the A-V 
node, with the onset of the paroxysm there was a sudden shifting of the 
pacemaker to a higher level in the atrium and from the character of the 
electrocardiogram the new rhythm might have originated in the S-A 
node However, nomotopic tachycardia cannot be established by clini- 
cal electrocardiograms Paroxysms of tachycardia are now regarded 
as successions of extrasystoles The existence of sinus extrasystoles is 
recognized But even in the absence of demonstrable relationship 
between such beats and the paroxysm in any given case the negation 
of the possibility of a nomotopic paroxysmal tachycardia does not seem 
justifiable 



IRON AND ARSENIC AS INFLUENCING BLOOD 
REGENERATION FOLLOWING SIMPLE 

ANEMIA 


VI NEGATIVE INFLUENCE OF FAMILIAR DRUGS ON THE CUKM OF 
HEMOGLOBIN REGENERATION FOLLOWING HEMORRII \GL ” 

G H WHIPPLE \xn F S ROBSCIIEIT 

SAN FRANCISCO 

Is iron of value in the treatment of anemia ' 1 Is iron absorbed from 
the intestine when given m organic or inorganic form ? Such question*, 
lead to fields of discussion over which has risen the smoke of polemics 
and arguments without end We believe that some of these difficulties 
may be cleared away by careful definition of teims Oui expen- 
ments deal with secondary anemia due to hemorrhage and not with 
chlorosis or any other form of anemia We have controlled certain diet 
factors which can influence profoundly the hemoglobin regeneration 
in this form of secondary anemia We suggest that our critics control 
these diet factors before any great emphasis is placed upon drug 
factois It is now r established that diet factors are concerned m the 
rapid regeneration of hemoglobin, therefore, these facts must be con- 
sidered in evaluating any reaction in conditions of anemia 

Chlorosis has been mentioned so frequently in tins discussion and 
others that we feel it necessary to state that m our opinion tins con- 
dition does not belong in this group of simple secondary anemias 
Whether this disease reacts favorably to iron therapy is not germane 
to this discussion It seems to be a disease which is becoming much 
less frequent m many communities due to modified dietary or Ining 
conditions or other unknown factors It would be of interest to collect 
accurate data on the influence of diet factors alone m this disease 

We do not think it is necessary to review the literature of anemia 
and iron therapy It may be admitted that we have not te-ted all the 
various forms of iron which are being used in the treatment of anemia 
but it seems to us that this is not necessary We are able to show that 
many of the iron preparations commonly prescribed arc inert, or at 
least, much less potent than simple diet factors The burden of proof 
now rests with those who claim that one or more iron preparations arc 
potent in anemia under controlled diet conditions 

Some experimental w'ork has been done m secondary anemia to shov 
wdiether or not iron compounds are potent in stimulating the regenera - 

* From the George Williams Hooper Foundation for Medical Re*ear-h 
Unnersitj of California Medical School 
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tion of hemoglobin In much of this work the anemia was produced 
by drugs which destroy the red cells m the body and leave the freed 
hemoglobin to be stored or used m any way by the endogenous body 
mechanism This type of anemia must not be confused with the type 
used in our experiments — that is, anemia due to simple hemorrhage 
This destruction of red cells in the body may be associated with a 
storage of hemoglobin radicles somewhere in the body which may be 
capable of influencing subsequent hemoglobin regeneration We hope 
to report on this type of hemoglobin regeneration in the near future 

Arsemcals were used in some of our experiments It seemed best 
to include some of this group in this paper because their use in certain 
forms of anemia is well recognized Both Fowler’s solution and sodium 
cacodylate are inert under the conditions of these experiments 

Objection may be raised to the use of dogs in these experiments 
because they are carnivorous animals The dogs used by us were 
raised m our kennels and have been omnivorous since weaning The 
diet on which they thrive is a mixture of food scraps obtained from the 
University Hospital It contains cooked bones, meat, bread, potatoes, 
rice, etc This mixed diet obtains in all resting periods between experi- 
ments Unless otherwise noted, these animals are active, healthy and 
normal m all respects 

EXPERIMENTAL OBSERVATIONS 

The general method used in all these experiments has been fully dis- 
cribed in the first paper of this series 1 Unless otherwise stated, the 
plasma volume has* been directly determined by the nontoxic dye, 
“brilliant vital red ” 2 This dye has been furnished us through the 
courtesy of Dr H M Evans of the department of anatomy, and we 
are indebted to him for much advice and council The blood is received 
into isotonic sodium oxalate solution, and the ratio of cells and plasma 
is determined in calibrated centrifuge tubes The hemoglobin is deter- 
mined by a modification of the Palmer method described recently by 
one of uc (F S R ) 3 Red and white counts are made in the usual 
manner from blood obtained by venous puncture For other details of 
this work, we refer the reader to the first paper of this series 1 

Paper V of this series 4 records many experiments in which Blaud’s 
pills were added to various diets We wish to refer to this paper for 
the details of these experiments Blaud’s pills were inert under these 
experimental conditions It seemed necessary to test out other drugs 

1 Whipple, Hooper and Robscheit Am J Physiol 53 151, 1920 

2 Hooper, Smith, Belt and Whipple Am J Physiol 51 205, 1920 

3 Robscheit T Biol Chem 41 209, 1920 

A Hooper, Robscheit and Whipple ^m J Physiol 53 263, 1920 
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under these same conditions, and the charts giving these data are given 
below 


TABLE 82— Blood RrGrxrRATioN— F i rkic Citratk 

Dog 1S-114 Bull mongrel Fein Up Vdull 
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Table 82 shows the cune of blood legcneiation of a slandaid dog 
on a bread and milk diet given feme citrate subcutaneously It may be 
stated that the same reaction would be expected m the same dog undei 
identical conditions without the feme citrate We can lefei to other 
experiments on this same dog which show' the expected favorable and 
rapid blood legeneration on diets of meat and livei Table 49 of this 
series 5 show's the cui ve of blood regeneration on a diet of cooked meat 
scraps The return to normal w'as almost complete m thiee weeks Also 
Table 61 of this series 0 show's the cm vc of blood regeneration on a diet 
of cooked beef livei The letmn to noimal w r as complete m tw'O weeks 
and somew'hat above the initial level in tluee weeks 

This favorable blood regeneration on this diet of meat oi livei is 
m contrast to the slow' reaction expected on biead and milk or actually 
recorded m Table 82 with bread and milk plus ferric citrate 


5 Whipple Robiehut ami Hooper Am T Physiol 53 238 1920 

6 Whipple Rohscheit and Hooper Am T Phjsiol 53 232 1920 
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Several interesting points m this experiment should be noted The 
blood per kilo is a very high figure, on the average This is usually 
found in very active dogs which are somewhat below normal in weight 
This dog lost some weight during the bread and milk feeding and the 
plasma volume likewise decreased as is common under such conditions 
This accounts, m part, for some of the increase m red hematocrit and 
hemoglobin, but is more accurately evaluated m the pigment volume 
figures When the dog is put on forced feeding, there is a remarkable 
gam in weight and plasma volume and an actual fall in red hematocrit 
and hemogoblm The pigment volume, however, shows the true values 
for hemoglobin production A hasty survey of these figures might 
lead one to erroneous conclusions unless the facts as given are carefully 
weighed This type of experiment shows too, the necessity of blood 
plasma measurements 


TABLE 83 — Blood Regeneration — Ferric Citrate 


Dog 19-95 Bull mongrel Male Adult 
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Table 83 shows the influence of ferric citrate given subcutaneously 
We are able to refer to other experiments on this same animal which 
ha\e been published Table 3 of this anemia series 7 gives the curve 
of blood regeneration on a mixed diet It is clear in this experiment 


7 Whipple, Hooper and Robscheit Am J Physiol S3 159, 1920 
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that blood legeneration was slow until meat was added m liberal 
amounts The cune of iegeneration finally letuined to normal Table 
41 gives the blood regeneration cune on a hbeial diet of rice, potatoes 
and milk It is clear that these curves, if anything, aie better than the 
cune of Table S3 We ha\e established the fact that this rice-potato- 
nulk diet is slightly moie fa\orable foi blood legeneiation than a simple 
bread and milk diet 

These conti ol expenments undei identical conditions make it clear 
that the ferric utiate undei these experimental conditions is ineit The 
curve of regeneration has not been influenced by the administration of 
this drug 


TABLE 84 — Blood Ri-c.lm uvtion — Chon ruin 
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Table 84 may, at first sight, be favorable to ovofemn as influencing 
the cun e of blood legeneiation On caieful analysis, however, we note 
very little, if any, change which may be attnbuled to the chug Com- 
pare Table 84 with Table 92, an experiment of sinulai type dm mg 
which sodium cacodylate was admnnsteiecl Theie is little difference in 
reaction Another experiment on this same dog is lecotded (Table 86) 
in which a salt mixture containing a small amount of non was given 
This salt mixture seems to exert a somewhat favoiable influence-— a 
much more decided influence than the non alone Therefoie this 
minimizes the actual influence of the iron on the hemoglobin legen- 
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eration The ovoferrin (Ferri vitellmum syntheticum) was obtained 
from the University Hospital 

Table 84 shows a sharp jump in hemoglobin, red hematocrit and pig- 
ment volume during the first ten days following the double bleeding 
This is often observed after two bleedings, and has less significance 
than when following three bleedings, which tend to lessen this “reserve 
factor ” We believe this reaction has little relation to the drug Dur- 
ing the next three weeks on the drug the pigment volume lemains 
unchanged, although there are slight fluctuations in red hematocrit and 
hemoglobin This means that the “maintenance factor” alone is being 
supplied A change to a heavy mixed diet with cooked meat brings 
about little change m hemoglobin and hematocrit values, but the great 
gam m weight is associated with much increase in blood volume and 
actually the pigment volume gives the true picture which is a rapid 
increase m actual amount of formed hemoglobin in the body The 
pigment volume almost doubles in this short period, associated with a 
gam m weight of 5 kilos This shows again the necessity of blood 
volume measurement m work of this sort and shows the comparative 
value of iron and meat as influencing hemoglobin formation in the body 
under these conditions We can attribute little value to the drug but 
the meat diet at once shows a striking reaction 


TABLE 85 — Blood Regeneration — Ovoferrin 
D og 20-2 t'JBull mongrel Male loung adult 
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Table 85 shows a somewhat favorable leaction following two 
bleedings The anemia level m this experiment was not sufficiently 
reduced, and a reaction of this type would he expected on bread and 
milk alone Compare this experiment with anothei on the same dog 
(Table 90) using Fowler’s solution The change in blood volume is 
striking when the dog is put on a liberal mixed diet and the correspond- 
ing adjustment of hemoglobin and hematocrit values is of interest 

TABLE 86 — Blood Regeneration — Salt Mixturi * 
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10/2S 

Bled 370 c c 











10/29 

Bled 370 ec No distress 









10/31 

uS 

1,W5 

732 

303 

29 0 

74 

0 03 

3,9 

22,0 

15 35 

07 

1 

10/31 

Bled 201 cc 

11/ 3 

Mil 

1,030 

740 

271 

20 3 

01 

097 

3,3 

10,8 | 15 33 

07 

1 

11/ 3 

Piet 175 gm bread, 2 

gm salt mixture,* 

500 cc 

milk 




11/13 

1,090 

1,100 

097 

434 

391 

94 

089 

5,3 

9,2 

15 50 

75 



1.5S0 

1 421 

705 

M3 

45 2 

111 

0 70 

7,3 

■11 

15 30 

93 

t Sbght 

11 120 

1,548 

1,421 

711 

097 

49 0 

109 

OOS 

8,0 

8,0 

14 75 

90 

t Slight 

12/ 3 

1,513 

1,400 

700 

GSG 

49 0 

110 

0 OS 

8,1 

0,8 

14 70 

95 

t Slight 


1,000 

1,430 

718 

700 

491 

110 

OOS 

8,5 

<>,S 

14 35 

100 

t Slight 

12/17 

1,445 

1,343 

074 

050 

48 8 

108 

0 74 

7,3 

7,4 

14 15 

93 

t Slight 

12/24 

1,474 

1,333 

500 

<>54 

49 0 

110 

0 05 

8,4 

13 0 

14 00 

m 

tPoik J- + 


Beginning dictan deficient} disease Recoxer} 

* Salt mixture No 185 (McCollum and Simmonds 11 NnCl, 8 6.1 gin, MgSOi (nnh}dioue), 
13 30 gm , NnH.POiH-O, 17 33 gm , KsHPO<, 47 70 gm , CiiH^POOsHdO, 27 00 gm , Fe 
citrate, 5 9 gm , Ca lactate, 05 0 gm Iron equivalent to 04 mg oi 0 00 gm dnih 
t Poikilocxtosls of red blood cells 

Tables 86, 87 and 88 show experiments which are much alike but 
present minor differences This salt mixture (McCollum and Sim- 
monds) contains per 2 gm dose ferric citrate amounting to 64 mg 
We note, m general, a somewhat more favorable reaction than is to be 
expected on this same diet without the salt mixture This reaction 
is much like that observed on a liberal diet of rice, potatoes and milk 
The regeneration during the first two weeks is quite rapid, but the 
return to normal is never complete, and the dogs show little change 
during subsequent weeks, the hemoglobin, red hematocrit <ind pigment 
volume showing minor fluctuations but remaining subnormal It may 
well be debated that this favorable reaction is not to be attributed to the 
iron salts but to one or another of the many salts in this mixture We 
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hope to make observations on the influence of various salt mixtures with 
and without iron, both organic and inorganic 

Two dogs developed a characteristic dietary deficiency disease after 
a period of several weeks This condition will be discussed at length 
in a future publication 


TABLE 87— Biood Regeneration— Salt Mixture f 
Dog 20-1 Bull mongrel Female Adult 


Cl 

Cj 

•_4 

c 

Pigment Volume =: 

Hb percent Times 
Blood A olnme 

Blood Volume 

Plasma Volume 

BBC Volume 

4-> 

£ 

« 

o 

c- 

E 

o 

« 

o 

« 

£ 

i 

W 

Color Index 

Cl 

o 

3 

o 

« 

P3 

O 

n 

£ 

4-3 

*5i 

* 

Blood per Kilogram 

Remarks 




C c 

Cc 

% 

% 




Kg 

Cc 


10/27 



647 

G08 

50 G 

132 

0 89 

7,4 

12,4 

13 75 

90 


10/27 

Diet Bread and milk 

10/28 

Bled 330 e c No distress 









10/29 

Bled 330 c c No distress 









10/31 

84S 

1,072 

732 

330 

30 8 | 79 

1 01 1 3,9 | 28,6 

13 35 

80 


11/ 1 

Bled 268 c c 

11/ 1 

017 

984 

712 

253 

25 7 

63 

1 10 

2,8 

22,0 

13 00 

76 


11/ 3 

Diet 200 gm bread 2 

gin salt mixture, t 500 c c 

milk 





11/13 

898 

984 

590 

377 

38 3 

91 

080 

5,7 

9,6 

wm% 

IK 

m mm 

11/20 

1 305 

1,120 

570 

540 

48 2 

117 

008 

8,0 

5,2 


Ks 

BH 

11/22 

Diet 150 gm bread, 2 

gm salt mixture, 500 c c 

milk 





11/20 

1,395 

1,255 

G05 

638 


111 

0 65 

8,6 

5,8 

1180 

106 


12/ 3 

1,315 

1,190 

592 

592 

49 75 

111 

0 67 

8,3 

8,8 

11 70 

102 


12/10 

1,010 

1,208 

000 

650 

51 7 

129 

1 02 

8,3 

5,6 

11 25 

113 


12/17 

1,524 

1,272 

579 

0S1 

53 5 

120 

0 73 

8,2 

7,0 

11 00 

116 

* Poik 

12/17 

Diet 200 gm bread, 2 gm salt mixture, 500 e c 

milk 





12/24 

1 445 

1,214 

591 

007 

500 

119 

0 6 6 

9,0 

5,0 

11 00 

ESI 

* Poik 4- 

imvwm 

1,375 

1,115 

558 

540 

48 9 

123 

0 75 

8,2 

5,4 

10 75 

a 

* Poik + 

1/0/20 

1,141 

1,120 

Oil 

499 

445 

102 

0 76 

6,7 

5,2 

11 00 

WSJ 

Kl:i Kim 

1/21 

940 

1 075 

020 

439 

40 8 

87 

063 

0,9 

5,8 

10 80 


P; » 

1/23 

Diet 250 gm bread, 2 

gm salt mixture, 

500 c C 

milk 





2/10 





42 0 

10-2 

0 68 

7,5 

8,6 

11 30 


* Poik 

2/1G 

1 400 

1 314 

718 

582 

44 3 

107 

0 69 

7,8 

7,2 

11 50 

114 

* Poik 


* Poikilocytosis o£ red blood cells 
f Salt mixture No 185 (McCollum and Simmonds) 


Table 89 is of much interest because we have control observations 
on the same dog Fowler’s solution has no effect whatsoever when 
given daily The curve of hemoglobin regeneration shows a very slow 
rise from week to week, only approaching normal after five or six 
weeks The normal level is never reached during the period of twelve 
weeks during which Fowler’s solution is administered A transfer to 
a period of larger food intake without Fowler’^ solution shows minor 
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fluctuations fiom week to week during a period of four months It is 
unusual for a dog to tolerate this limited diet for this length of time 
without any symptoms of dietary deficiency disease 


TABLE 88 — Blood Regeneration — Salt Mi\tuki k 

Dog 20-2 Bull mongrel Male 5oung adult 


! 

i 


a 




o 



r" 


i 


O 



i 

e 

1-4 

o 

o 

i * 

o 

« 

p? 

hM 


cs 

Is 


11 ! 


a 2 
pen 

t> Or- 

oo 

+~> 

a 

o C. X 
P D 

tc*°- 

Jrwa 


10/27 


1,878 


o 

> 

•a 

o 

o 


Ce 

1,49s 


o 

> 

c* 

£ 


E 

3 

o 


f 

E 

o 

a 

o 

ca 

03 


M 

o 

IS 


Cc 

75S 


C c 
732 


7 0 

48 0 


125 i 0 70 ! 7,0 


7,0 


Kg 
17 2 r > 


tn 

£ 

W 

!-. 

CJ 

c. 

o 

o 


C c 
87 


Remarks 


10/27 


Diet Bread and milk 


10/28 

10/20 


Bled 375 c c 

Bled 375 0 c No distress 


30/31 


8(>G 


1,111 


700 


334 


301 | 78 I 0 03 | 4,2 | 21,0 | 10 r» 


f>S 


11 / 1 


Bled 278 c c 


11/ 3 

725 


| 782 

| 285 

l 271 

| 80 

[ 0 08 l 3 5 

| 34,8 ! 15 20 | 05 

1 

11/ 3 

Diet 200 gm bread, 500 cc 

milk, 

2 gm 

«alt mixture* 




11/13 

I 1 188 

1 1,230 

713 

4S3 

30 0 

1 00 

0 08 I 

5,0 

1 12,1 

18 35 

1 7(» 


11/20 

| 1,4.30 ! 

I 1,400 | 

788 

505 ; 

42 8 

| 102 

0 80 

8,4 

Bfffl 

1 1 7*> 

I 89 

t Slight 

11/22 

Diet 150 gm bread, 500 c c 

milk, ! 

2 gm 

salt mixture* 





1.2S5 

1,377 

705 

574 

41 7 

■a 

0 80 

7,0 

8,0 

15 50 

80 

t Slight 


1 312 

1,385 

705 

578 

41 7 


0 OS 

8,1) 

17,0 

1510 

02 

t Slight 

BkjTljS 

1,502 

1,380 

757 

818 

41 4 

■El 

0 80 

8,8 

11,4 

34 95 

9.3 


wlm 

1.252 

1,318 

800 

505 

38 3 

■■ 

0 74 

8,4 

8,4 

14 00 

04 

t Poik ; 


* Snlt mixture No 185 (McCollum and SimmondS) 

1 PoIkiIoc>tosls of red blood cells 

f Distemper and dictnr\ deficient v disease Rttoxucd 


Control observations on this same dog (Table 60 s ) show the favor- 
able influence of a diet of cooked liver under similai conditions Hemo- 
globin regeneration is complete within tluee weeks This gives a 
striking example of the beneficial effect of certain diet factors as con- 
trasted with ceitam drugs 

Table 90 shows the negative effect of Fowler’s solution on the new 
hemoglobin regeneiation The drug is given over a period of twelve 
weeks The first week shows a sharp rise which is common m such 
experiments Theieaftei little increase is noted from week to week 
The pigment volume remains unchanged aftei the first three weeks 
Compare other similar experiments on this same dog cited above, 
(Tables 85 and 88) 

Following the long penod of bread and nnlk diet, plus Fowler’s 
solution, the dog was given a liberal mixed diet As is not infrequent 
after long periods of limited diet, we note an actual fall m hemoglobin 


8 Whipple, Robschcit and Hooper Am J Physiol 53 251, 1920 
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which in this case is due to the great gam in weight and increase m 
plasma volume The following two weeks show continued gam in 
weight, increase in plasma volume, hemoglobin and red hematocrit 
This illustrates the favorable reaction, even following a prolonged 
limited diet period, which follows a mixed diet rich in meat 


TABLE 89 — Blood Regeneration — Fowler’s Solution 


Dog 19-83 Bull mongrel Male Adult 


Date, 1920 

Pigment Volume = 

Hb percent 'limes 
Blood Volume 

Blood Volume 

PI ismn Volume 

BBC Volume 

BBC Hematocrit 

& 

w 

Color Index 

BBC, Million 

W B 0 

Weight 

Blood per Kilogram 

Kemarl b 

3/ 4 

1 C c i C c 
1,985 1 1,470 1 578 

Cc, 

873 

% 

59 4 

% 

135 

061 

1 ! Kg 

11,8 1 8,2 | 13 20 

rti 


3/ 4 

Diet Bread and milk 

3/ 5 

3/ 6 

Bled 368 c c 

Bled 368 c c 

3/ 8 

1 1 ■ | 340 I | || | ->11 

3/ 8 

Bled 325 c c 

3/10 

780 1 1,207 | 850 1 345 | 28 6 | 64 | 0 77 | 4 2 | 14,2 | 12 75 | 95 |* Slight 

3/10 

Diet 150 gm bread 500 ce milk, 5 drop® Fowler’s solution 

3/17 

3/25 

4/ 1 

4/ 7 
4/15 
4/22 
4/29 

5/ 6 
5/14 
5/21 
5/28 

1,114 

1,110 

1,409 

1,450 

1,485 

1,510 

1,505 

1345 

1,340 

1,201 

1 419 

1,475 

1,297 

1,505 

1,470 

1,470 

1,398 

1,468 

1345 

1,390 

1,276 

1,375 

944 

766 

828 

765 

771 

692 

745 

700 

721 

657 

702 

516 
519 
662 
692 
685 ' 
692 
70S 
632 
657 
606 
667 

35 0 
40 0 
44 0 

47 0 
466 
49 5 

48 2 
47 0 
47 2 

47 5 

48 5 



5.2 

6.3 

7.2 
8,1 
7,9 

8.3 

8.7 
83 
7,9 

7.7 
85 

12.4 
11,6 

10.4 

6.3 

6.4 
5,6 
4,8 
5,2 
6,4 
6,0 

5 2 

12 75 
12 25 

12 00 
12 05 
11 95 
1160 
1155 
11 55 
11 OO 
10 85 
10 70 

116 

106 

125 
122 
123 
120 

127 
116 

126 
117 

128 

* Slight 

* Slight 

* Slight 

* Slight 

* Slight 

* Slight 

* Slight 

* Poik + 

* Poik + 

* Slight 

* Slight 

5/29 

Diet 250 gm bread 500 c c milk Fowler’s solution discontinued 

6/ 4 
6/11 
6/18 
6/26 

7/ 9 
7/2S 
8/18 
8/30 

9/ 8 
9/22 

1,305 

1307 

1,508 

1,325 

1,692 

1,960 

1,705 

1,630 

1,550 

1,393 

1,330 

1,445 

1368 

1500 

1,621 

1,505 

1,538 

1,550 

743 

749 

778 

803 

775 

803 

780 

854 

894 

587 

571 

651 

551 

710 
803 

711 
669 
640 

44 8 
43 7 

42 9 

45 2 
403 
47 4 
49 5 
47 2 

43 5 
41 3 

192 

93 

98 

104 

97 

108 

121 

113 

106 

100 

0 57 

0 55 
056 

0 64 

0 72 

0 79 

0 74 
068 

0 69 

8,2 

8,9 

9,3 

7,6 

7,8 

76 

7,6 

7,8 

7,2 

6.4 

5.4 
6,8 

7.2 

6.4 
6,0 
5,8 

6.2 
72 

11 70 
1180 

12 25 
12 05 
12 40 
12 85 
1210 
12 60 
12 75 

114 

113 

118 

113 

121 

126 

124 

122 

121 

* Slight 

* Poik 

* Poik 

* Poik 

* Slight 

* Poik 

* Poik 

* Poik + 

* Poik 


* Poikilocytosis of red blood cells 


Table 91 shows that another arsenical, sodium cacodylate, is inert 
under these conditions The curve of blood regeneration rises slowly 
and uniformly during 11 weeks but never returns to normal This 
reaction is typical of many recorded for bread and milk alone A 
change of diet gives a piompt increase in all hemoglobin figures and 
the normal level is reached m three weeks Under such conditions this 
leaction to meat may not be as prompt but it illustrates this favorable 






































WHIPPLE-ROBSCHEIT — BLOOD REGENERATION 601 

reaction m contrast to the negative influence of this drug, sodium 
cacodylate 

TABLE 90 — Blood Regeneration — Fowler’s Solution 


Dog 20-2 Bull mongrel Male Toung adult 


D ite, 1920 

Pigment Volume = 

Hb percent Times 
Blood Volume 

Blood Volume 

CJ 

g 

© 

> 

r 

cr 

s 

R B O Volume 

R B O Hematocrit 

w 

y 

© 

a 

*- 

u 

O 

o 

C 

K B C, Million 

W B C 

Weight 

Blood per Kilogram 

Remarks 



Cc 

C c 

C c 

% 

% 




Kg 

C c 


3/ 4 

2,282 

1,915 

8S2 

1,013 

52 9 

119 

000 

10,0 

13,4 

17 05 

HQjfil 


3/ 4 

Diet Biend and milk 


- 








3/ 5 

Bled 480 c c 











3/ 6 

Bled 480 c c 











3/ 8 

1 III 3$ 6 | 1 1 | 1 II 

3/ 8 

Bled 350 c c 

3/10 

GG2 

1,350 

1,047 

289 

21 4 | 49 | 0 84 

2,9 

31 4 

17 00 

1 9 

1 

3/10 

Diet 150 gm bread, 500 c c 

milk, 2 drops of Fowler’s solution 



3/17 

1,180 

1,370 

803 

554 

40 5 

86 | 0 81 

5,3 

7,0 | 15 85 | 86 

1 

3/18 

Diet 150 gm bread, 500 c c milk, 5 

drops of Towier’s 

solution 



3/23 


1,495 

904 

">71 

38 5 

83 

mm 

5,3 

6,8 

15 60 

90 


4/ 1 


1,535 

8.57 

G95 

45 3 

92 

0 71 

0,5 

7,2 

15 00 

192 


4/ 7 

1.GG0 

1,680 

SS5 

7SG 

40 8 

99 


0 8 

5,4 

15 05 

112 


4/15 

1,750 

1,730 

912 

815 

471 

101 

■ilnil 

6,9 

5,6 

15 05 

115 


4/22 

1,715 

1,715 

850 

850 

49 5 

100 

■lXuj 

8,4 

6,6 

14 85 

115 


4/29 

1,695 

1,740 

916 

SOS 

40 4 

97 

0 05 

7,5 

7,0 

14 65 

119 

* Slight 

5/ G 

1,530 

1,570 

820 

734 

40 8 

98 

060 

8,1 

0,8 

14 55 

108 

* Poik + 

5/14 

1,565 

1,505 

820 

738 

47 1 

100 

063 

8,0 

1 

13 75 

114 

* Poik + 

5/21 

1,387 

1,547 

857 

675 

43 0 

90 

0 02 

7,2 

6,4 

13 50 

115 

* Poik 

5/28 

1 554 

1,563 

828 

719 

46 0 

99 


7,1 

0,8 

13 45 

116 

* Slight 

5/28 

Diet 100 gm bread, 300 gm meat scraps. 

500 C c 

milk 

Fowler’s solution discontinued 

G/ 4 





43 9 

99 







G/ll 

1,395 

1,545 

875 

GS0 

44 0 

90 

0 57 

7,9 

6 0 

15 75 

OS 

|* Poik 

6/11 

Diet 100 gm bread 450 gm 

meat scraps, 

500 c c milk 

o 



6/18 

2,148 

1,805 

924 

924 

49 5 

115 

000 

8,4 

10,0 

16 40 

114 


6/25 

2,008 

1,820 

920 

884 

48 5 

110 

0 69 

8,0 

8,8 

17 25 

106 



* Poikfiocjtosis of red blood cells 


Table 92 confirms the reaction noted in the preceding Table 9.1 
We believe there is not a bit of evidence that the sodium cacodylate 
has any effect upon this reaction There is every reason to believe 
that an identical reaction would have been observed in this experiment 
had the drug not been given Compare Table 86 above, m which a 
more favorable reaction is associated with the oral administration of a 
standard salt mixture (McCollum and Simmonds) 


SUMMARY 

Iron m the form of Blaud’s pills is inert when given under con- 
trolled conditions in anemia penods under the conditions of these 
experiments (Paper V of this senes 4 ) 
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The anemia is produced by hemorrhage, and the curve of regenera- 
tion followed week by week, the dogs being maintained on a fixed diet 
Iron in the form of ferric citrate (subcutaneously) and ovoferrm 
(orally) has no significant effect on the curve of hemoglobin regenera- 
tion under controlled conditions 


TAELE 91— Blood 

Dor 20-5 Bull mongrel Male 


Regeneration — Sodium Cacodylate 
Young adult 


c 

V 


O c s 

^ O ^ 

V O 
u r* 
C o ^ 

g^c 

~ftft 


o 

k- 


o 

o 


o 

> 

O 

ft 

« 


O 

ft 

a 


ft 

B 


_o 

c 

O 


o 

ft 

a 


o 

e 


y 

El 

ft 


u 

c 


c 

o 


Remarks 


3/ 4 


2, SCO 


Cc 

1,800 


Cc 

774 


Cc 

1,008 


% % 

3G 0 131 j 0 70 


8,7 1 12,2 


Kfc 

13 75 


Cc 

131 


3/ 4 


Diet Bread and milk 


3/ 5 
3/ 0 


Bled 450 c c 
Bled 450 c c 


3/ S 


27 5 | 


3/ 8 


Bled 300 c C 


3/10 

*20 

1,170 

024 

234 

200 | 44 

0 77 

2,9 

13,0 

13 40 

87 

1 

3/10 

Diet 150 gm bread, 500 c c 

milk, 0 1 gm 

» 

sodium cacodjlatc «ubcutancouslj 

3/17 

637 

1,250 

010 

310 

24 8 

51 

0 77 

3,3 

12,0 

13 25 

04 


3/27 


1,310 

027 

309 

282 

61 

0 65 

4,7 

11,8 

13 00 

101 

Slight 

4/ 1 

782 

1,325 

022 

392 

29 0 

50 

0 54 

5,5 

11,2 

12 90 

103 

* Polk + 

4/ 7 


1,370 

872 

512 

37 3 

70 

050 

7,8 

8,8 

12 85 

107 

* Poik 

4/13 


1,320 

857 

448 

34 0 

73 

0 52 

7,1 

8,4, 

12 85 

103 

* Poik ++ 

4/22 

1,102 

1,352 

803 

542 

40 1 

80 

0 45 

9,0 


12 45 

108 

* Poik +-*- 

4/20 

1,125 

1,380 

823 

548 

39 7 

81 

000 

7,0 

8,8 

12 55 

110 

* Poik 

ol 0 

1 258 

1,453 

840 

COO 

41 2 

80 

0 49 

8,9 

8,2 

12.40 

117 

* Polk 4-4- 

5/14 

1,252 

1,300 

754 

592 

43 0 

02 

0 58 

8,0 

0,0 

12 25 

111 

4 Poik 4- 

5/21 

1225 

1,385 

788 

584 

42 2 

88 

050 

8,9 

0,2 

12 40 

112 

* Poik 4-4- 

5/28 

1,330 

1,420 

778 

034 

44 7 

94 

0 73 

9,4 

5,0 

12 25 

no 

» Poik + 

') /-£ 

Diet 100 gm bread, 300 gm meat scraps. 

500 c C 

milk 

Sod 

cicodjlatc discontinued 

0/ 4 





45 0 

100 






1 

C/ll 

1,745 

1,650 

808 

70S 

40 5 

100 

0 58 

9,1 

0,0 

14 10 

117 

|* Poik 

G/ll 

Diet 100 (,tn bread, 150 gm 

meat straps, 

500 c c milk 




0/1 8 

1 908 

1,745 

870 

852 

48 8 

114 

0 58 

9,8 

KEKI 

14 iX> 

117 

I 

6/2'i 

2 333 

1 801 

8.70 

090 

■5 i "> 

125 

0 0? 

10,5 


15 50 

120 

1 

1 


4 PoikllotjtoMs ol red blood cells 


Iron forming a part of a standard salt mixture (McCollum and 
Simmonds) may be concerned m a somewhat favorable anemia reac- 
tion, but even this reaction is not surely related to the iron salt At 
best this reaction does not compare favorably with those recorded in 
association with certain potent diet factors 

Iron in the form of hemoglobin (organic iron) may be concerned 
m the somewhat favorable reaction observed following the administra- 
tion of hemoglobin orally, intraperitoneally or intravenously But the 
iron may be less concerned in this reaction than the pyrrol complex 
(Paper V of this series 4 ) 
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Arsenic in the form of sodium cacodylate or Fowler’s solution is 
inert in these same anemia periods No drug has been tested which 
can compare with the meat factors m stimulating a rapid regenera- 
tion of hemoglobin during these anemia periods induced by simple 
hemorrhage 

TABLE 92 — Blood Regeneration — Sodium Cacodylate 
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These carefully controlled experiments give no support to the 
time honored custom of administering iron and certain other drugs m 
conditions of simple anemia The burden of proof now rests with 
those who claim that any given drug is potent under such conditions 
In such experiments or clinical observations the diet factors must be 
carefully studied We believe it will be of much clinical importance to 
record accurate observations in human cases, giving particular atten- 
tion to a variety of diet factors 


9 McCollum and Simmonds J Biol Chem 33 63, 1918 




























































THE CREATININ COEFFICIENT IN PULMONARY 

TUBERCULOSIS * 


THEOPHILE RAPHAEL, MD, and NINA ELDRIDGE 

NEW YORK 

In the light of the significant role of creatinm excretion m endog- 
enous metabolism, it was deemed that it might prove of some interest 
to determine the creatinm coefficient in a series of graded, clinically 
uncomplicated, cases of pulmonary tuberculosis, particularly as there 
are operative, m this condition, two somewhat opposing factors of 
undoubted metabolic importance, namely continued pyrexia and pro- 
gressive wasting of muscle mass 

But few cases of pulmonary tuberculosis have been reported m the 
literature from this point of view, and these .show findings both inde- 
terminate and in poor accord Thus Hofmann, 1 employing a now 
obsolete procedure of creatinm determination and making no provision 
as to diet control, reports one advanced, though apparently afebrile 
case (patient aged 34), in which there was noted a slight decrease of 
creatinm output — 0 496 gm per twenty-four hours as opposed to his 
normal value of 0 687 gm Van Hoogenhyze and Verploegh, 2 on the . 

basis of Folm’s technic, and utilizing a low protein diet, report a febrile 1 

case (patient aged 72) marked by slight decrease m creatinm excretion 
— 1 05 gm (average) per twenty-four hours McClure, 3 also utilizing 
Folin’s technic and employing a modified (purin and nuclem free) 
Shaffer-Coleman 4 diet, reports four febrile cases The first Ccise 
(patient aged 19), in which there was a positive Wassermann reaction, 
showed irregular increase with wide range (from 0 606 to 2 052 gm 
per twenty-four hours) In the second case (patient aged 27), com- 
plicated by hemopneumothorax, there was likewise noted occasional 
increase in creatinm output with a range of from 0 624 to 1 956 gm 
per twenty-four hours In the third case, one of tuberculous broncho- 
pneumonia (patient aged 28), there was observed practically no 
increase and a range of from 0 607 to 1 291 gm per twenty-four hours 
while, in the last case (patient aged 25), also one of tuberculous bron- 
chopneumonia, there was found a slight decrease, with a range of from 
0 540 to 1 000 gm per twenty- four hours 

* From the laboratory of the Sea View Hospital 

1 Hofmann, K B Virchows Arch f path Anat 48 358, 1869 

2 Van Hoogenhyze, C J C, and Verploegh, H Ztschr f Physiol Chei 
57 162, 1908 

3 McClure, C W Arch Int Med 22 719 (Dec) 1918 

4 Slnffer P A and Coleman, W Arch Int Med 4 538 (Nov ) 190 
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In regard to the normal rate of cieatmin excretion, it has been 
determined by Shatter ’ that the cieatinm coefficient (milligrams of 
creatinm-mtrogen excieted per kilogiam of body weight in twenty- 
four hours) repi esents a practical constant in ordinary individuals, the 
average figuie being 8 1 Values undei 7, he found, are distinctly 
abnormal, except m aged, poorly developed, or obese subjects This 
constant seems to be the most convenient and generally accepted 
medium for the expression of creatimn values 

PROCEDURE 

Three groups of five cases of pulmonaiy tubeiculosis, uncomplicated 
as far as could be determined clinically, were selected in accordance 
with Rathbun’s 0 classification, as representing three progressive grades 
of disease activity Organically, these cases were all of his “moderately 
advanced” oi “far advanced” (third group) types (q v ), falling 
functionally or symptomatically, however, into the three groups of his 
classification, as follows A, afebrile, absence of constitutional dis- 
turbance, ambulant and doing light work , B, slightly febrile, slight 
constitutional distuibance, m bed one-half day, C, definitely febrile, 
marked constitutional disturbance, confined to bed entire day and 
general condition serious to critical The cases were all males and 
care was taken to select no patients showing evidence of obesity and to 
exclude adolescent and senile types 

The subjects were placed on a strictly meat free diet, and after a 
preliminary period of forty-eight hours, creatimn determinations were 
made on thiee successive days fiom preserved twenty-four-hour urine 
samples These determinations were made according to Fohn’s method 
as outlined by Hawk, 5 6 7 utilizing the Duboscq colorimetei and a potas- 
sium bichromate standard, the average of triplicate readings being taken 
in each case Calculations were made on the basis of milligrams of 
creatmm-nitrogen pei kilogram of body weight excreted per twenty- 
four hours (Shaffer's creatimn coefficient) and the lesults tabulated as 
shown in the accompanying table 

COMMENT 

It will be seen that the findings have been, for the most part, of 
consistent uniformity, with most variation in group A, and that, in all 
three groups, the average values have been definitely below the normal 
constant (8 1), as determined by Shaffer On the other hand, there 
seems to be but little difference between the three grades, as compared 

5 Shaffer, JP Am J Physiol 23 1, 1908 

6 Rathbun, W L Tuberculosis, Monograph, Dept Health, New York Citv 
No 4, March, 1917* 

7 Hawk, P B Physiologic Chemistry, Philadelphia, Ed 6, 1918 
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with one another, save that the B cases appear, on the whole, to show a 
slightly higher coefficient than either A or C This might possibly be 
accounted for on the basis of the increased catabolism, due to fever 
and increased disease activity, not present in A, and not offset, as in C, 
by extreme wasting and general debility and asthenia It would seem 
therefore, that m pulmonary tuberculosis, creatinm excretion increases 
with increase m disease activity, up to a certain point, at which a 
decrease becomes manifest dependent, probably, on progressive tissue 
wasting and generally lowered plane of vital activity 

These findings bear out, in a general way, the tendency indicated in 
the work of Hofmann and Van Hoogenhyze and Verploegh and, also, 
may serve to throw some light on the apparent disagreement between 
their findings and those of McCluie 

It is of interest to note, in this connection, that McCann and Barr , 8 
working with tuberculous patients from the point of view of calori- 
metric investigation, have recently found that due to weight-loss com- 
pensating for increase in metabolism dependent on disease activity, the 
basal heat production, in this disease, may represent a value definitely 
below that obtaining in health for the same individual 

SUMMARY 

On the basis of the data secured in this study, it seems that, in 
apparently clinically uncomplicated cases of pulmonary tuberculosis, 
the creatinm coefficient is slightly below the average normal figure, and 
that it reaches its greatest height in middle grade cases, l e , those in 
which increased catabolism, due to disease activity, has not yet been 
offset by excessive tissue waste and generally loweied vitality 


8 McCann, W S and Barr, D P A.rch Int Med 26 66,3 (Dec ) 1920 



REMARKS ON STANDARDS FOR NORMAL BASAL 

METABOLISM * 


J H MEANS, MD, and M N WOODWELL, AB 

BOSTON 

Indnect calorimetry, as a iesult of the pioneer work of DuBois and 
his colaborators, 1 has become generally adopted m the last two or three 
years, in this country at least, as a routine method of laboratory 
diagnosis m certain diseases, especially m those of the ductless glands 
As a functional test of the thyroid gland, the level of the basal 
metabolism is being determined at the present time m many clinics 

Clinicians, of course, wish to use the most accurate criteria available 
in judging of the normality or abnormality of the basal metabolism of 
their patients, and yet at present they may well be puzzled in choosing 
between the several methods that have been proposed for the purpose 
by various investigators It is with the hope of throwing light on this 
phase of the subject that the present communication is made 

METHODS FOR PREDICTING THE BASAL METABOLISM OF NORMAL 

PERSONS 

Body Swface Law — The search for suitable criteria has centered 
chiefly about the so-called body surface law of Rubner The principle 
embodied m this law, which is that the basal metabolism is a simple 
function of the body surface, has been disputed by Benedict, 2 and quite 
lately by Dreyer, 3 and as Boothby and Sandiford 4 have recently pointed 
out, such objections, m a strict sense, are valid Nevertheless, in a 
broader sense Rubner’s Law has never been disproved, and while it may 
be true that the basal metabolism is not strictly proportional to, nor, 
perhaps, determined by, surface area, the fact remains that it is more 
nearly proportional to area than to any other one factor so far dis- 
covered Pertinent m this connection are the studies by Means, 5 of 
obesity, 0 which showed that even in very marked grades of obesity, 
there was no fundamental deviation from normal in basal metabolism 

* From the Medical Service of the Massachusetts General Hospital, aided 
in part by a gift from Dr William Norton Bullard 

1 Du Bois, E F , et al Series of papers on Clinical Calorimetry begin- 
ning, Arch Int Med 15 793 (July) 1915 

2 Benedict, F G Boston M & S J 182 243, 1915 

3 Dreyer, G Lancet 1 289, 1920 

4 Boothby, W M and Sandiford, I Basal Metabolic Rate Determina- 
tions, Philadelphia, W B Saunders Co, 1920 

5 Means J. H Proc Soc Exper Biol & Med 12 13, 1914, J M Research 
32 121, 1915, Arch Int Med 17 704 (July) 1916 

6 The data on these cases of obesity together with that on one new one 
is gnen in Table 2 of the present paper 
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expiessed in terms of surface aiea, whereas theie was a marked reduc- 
tion (30 pei cent or more) when it was expiessed m terms of body 
weight 

The history of the body surface law is veiy completely covered m 
the recent monograph of Harris and Benedict ‘ The difficulty which 
has confionted investigators since the time when the relationship 
between metabolism and area was first appreciated has lam chiefly in 
the lack of an accurate method foi measuring or calculating body sur- 
face area from the body weight, such for example as those of Meeh, 8 
and of Lissauer 0 For persons of normal build they may serve very 
well, but for those who vary from the normal, they may serve badly 
Of two persons of the same weight, one being short and stout, the other 
tall and thin, the latter would have the gi eater actual area, yet by Meeh’s 
or similar formulas the calculated area would be the same 

Du Bois Lineai Formula — It was to o\ercome just such faults m 
foimulas of the Meeh type that the Du Bois foimulas were devised By 
the first of these, the so-called lineal foimula, 10 which was first pub- 
lished in 1914, the body sui face is calculated from about nineteen mea- 
surements of the body The principle is to divide the body into parts 
and calculate the area of each part from its length multiplied by its 
average circumference and by a constant The sum of the parts gives 
the total body surface aiea The constants for the several parts were 
derived from the areas of the paits as determined by actual casts 
Casts were made of the bodies of ten individuals of widely different 
shapes 11 It was found that the area as calculated by the linear formula 
varied on an average less than 1 7 per cent from the areas as actually 
measured from the casts It was with the advent of this formula that 
calorimetry became available to the clinician 12 In the linear formula, 
the clinical investigator is equipped with a method that will give him 
accurately the surface area of individuals of any shape 

Du Bois Height Weight Foimula and Chait — In 1916, the Du 
Boises 14 brought out a still simpler formula, the so-called height-weight 

7 Harris, J A, and Benedict, F G Carnegie Institution of Washington, 
Publication No 279, 1919 

8 Meeh Ztschr f Biol 15 425, 1879 

9 Lissauer Jahrb f Kmderh , N F 58 392, 1903 

10 Du Bois, D, and Du Bois, E F Proc Soc Exper Biol & Med 12 
16, 1914 Ibid, Arch Int Med 15 868 (July) 1915 

11 The cast of one of these, Mrs McK (Table 2), was made at the Massa- 
chusetts General Hospital 

12 In addition to the obesity data given in Table 2, attention is called to 
a previous paper by one of us (J H M 38 ), m which it was shown that even 
m normal persons there was less variation in the metabolism by the linear 
formula, than by that of Meeh 

13 Means, J H J Biol Chem 21 263, 1915 

14 Du Bois, D , and Du Bois, E F Arch Int Med 17 863 (July) 1916 
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formula This was worked out from the results obtained in a large 
series of persons by the linear formula, and enables one to obtain the 
surface area directly from the height and weight 15 

The height-weight formula, which has been still further simplified 
into the height-weight chart, is the method m use in most clinics today 
At the Massachusetts General Hospital the determination of the basal 
metabolism in disease was begun early in 1914, from then until the fall 
of 1915 the linear formula was used, since then the height-weight chart 
has been used, except that in very stout persons we still use the linear 
In this clinic as m other clinics the calories per square meter per hour 
are compared with the Sage Institute normal standards These 
standards have been changed slightly from time to time , the most recent 
ones will be found m the paper of Aub and Du Bois 1(5 published 
m 1917 

Harns-Bcnedict Piedictwn Tables — As has been said, clinical 
calorimetry has become part of the diagnostic armamentarium of many 
clinics It is, therefore, obviously desirable that in so far as possible 
uniform standards be employed As has been indicated, the Du Bois 
height-weight chart with the Sage Institute standards is the method in 
common use today However, since no lesser authorities than Benedict 7 
in this country and Dreyer 3 in England have each recently proposed 
new methods for predicting normal metabolism, the clinical calorimetnst 
may well be in doubt as to which of these, the Du Bois, the Harris- 
Benedict, or the Dreyer, he should use 


TABLE 1 — Comparison of Prediction Methods Data on Normal Persons 
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*■ Our calculations other figures ire from Dreyir’s paper 8 


The Harns-Benedict method takes the form of a series of tables 
in which are gnen prediction figures of what the metabolism should be 
in a normal adult of either sex and' of any height, weight,or age The 
figures were developed from the data of observations made on 103 
women and 136 men at the Carnegie Nutrition Laboratory in Boston 

15 For the mathematical expression one is referred to the original paper 

16 Auh J C and Du Bois, E F Arch Int Med 19 825 (July) 1917 
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The Dreyer Formulas — The Dreyer formulas are several They 
take into consideration one less factor than either the Du Bois or the 
Harris-Benedict The last two take into consideration height, weight, 
age and sex The Dreyer formulas are based on age, sex, and one 
other factor, either weight, trunk length or circumference of thorax 
Dreyer derived his constants from the Harris-Benedict data 

Comparison of the Du Bois, Haius~Ben edict and Dreyer Methods — 
The immediate object of this paper is to scrutinize these three methods, 
the Du Bois height-weight formula or chart used m conjunction with 
the Sage standards, the Harris-Benedict prediction tables, and the 
Dreyer weight formula An attempt will be made to learn their 
respective merits and limitations, their similarities and dissimilarities 

We have several ways of making such a scrutiny In the first 
place, we can see which method actually predicts with the least error 
the metabolism of healthy persons of normal build Next, we can do 
the same with persons with abnormally shaped bodies, obese subjects 
for example Lastly, we can compare the deviations from normal by 
the several methods (one with another) in patients whose metabolism 
is known to be abnormal 

In Normal Pei sons — There are shown in Table 1 the average 
variations by these methods of a series of eight normal men studied 
by Means 13 and of a series of thirty-one studied by Carpenter and 
collaborators 7 The results obtained in both these series by the Harris- 
Benedict method have been discussed by Harris and Benedict, 7 and 
those obtained by both Harris-Benedict and Dreyer methods have 
been discussed by Dreyer 3 

In analyzing such a series of results, we have two modes of attack 
We can compare the average deviations from different standards or 
predictions, regardless of whether they are too high or too low, that 
is to say, without regard to sign, or we can cancel the positive devia- 
tions against the negative and find the average deviation with regard 
to sign The former way gives the truest idea of the success in 
metabolism prediction of the method under consideration, for the lower 
the average deviation without regard to sign the closer has the pre- 
dicted come to the observed in the majority of instances This is 
particularly true if in addition to the average, we know the maximum 
deviation of the series 

The average deviation with regard to sign, that is to say, when 
plus deviations neutralize minus ones of the same magnitude, tells 
us chiefly whether the series has a positive or negative bias or trend, 
but we must regard not only this average but at the same time the 
distribution of its individual components about it, the probability curve 



612 


ARCHIVES OF INTERNAL MEDICINE 


in other words, lest we be led astray by the cancellation of several 
small plus deviations by a single large minus one, or vice versa 

A case m point is the characterization by Harris and Benedict as 
of an anomalous nature the Means series of eight normal men as 
well as the senes of ten normal men of Magnus-Levy and Falk 37 
The interpretation here is dependent upon the significance given to 
averages All of the members of the Means series deviate below the 
predicted metabolism level while seven out of ten of the Magnus-Levy 
and Falk series deviate above it This, we are prepared to admit, may 
mean that the former senes is composed of very slightly subnormal 
individuals and the latter of very slightly supernormal ones We 
cannot, however, agree with Harris and Benedict that the members 
of either of these series are more abnormal than are those of the 
Carpenter series merely because in the Carpenter series the positive 
deviations counterbalance the negative There are five individuals in 
the Carpenter senes, or nearly one-sixth of the whole, all of whom 
are more abnormal than are any of those in the Means series The 
fact that some are supernormal and some subnormal does not increase 
the normality of the senes as a whole ..The average deviation without 
regard to sign is the true index of the normality or lack of normality 
of a series That factor is less (4 40 per cent ) m the case of the 
Means senes than in that of the Carpenter series (5 30 per cent ) 
We cannot, therefore, agree that either the Means senes or the 
Magnus-Levy and Falk series are anomalous, or that they are unfit 
for combination with other series for purposes of generalization The 
low averaee deviation in the Means series shows a high grade of 
noimality in that senes The 11 fact that the deviations, though slight, 
were all in the direction of subnormality may be explained by the 
fact that this series was entirely composed of subjects of a non- 
athletic type, whereas the prediction figures were based on subjects of 
all types 

With these remarks as to the significance or lack of significance of 
averages, let us now turn to Table 1 and note the results obtained by 
the three different formulas In the case of the Means series the lowest 
average deviation was obtained with the Dreyer formula, in that of 
the Carpenter series it was with the Du Bois formula In both series 
the lowest deviation with regard to sign was with the Dreyer formula 
That is to say, with the last named there is the least tendency toward a 
positive or negative trend The greatest average deviations were with 
the Du Bois formula in the case of the Means series, and with the 
Dreyer m the case of the Carpenter series In other words, as applied 
to two series of normal men the three methods give deviations of about 
the same order of magnitude 

17 Magnus-Levj, A , and Falk Arch f Anat u Physiol Suppl , 1899, p 314 
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In Obese Persons — Let us now apply these formulas to persons 
of abnormal build In Table 2 are given the data on the five cases 
of obesity previously published by Means 5 together with those of one 
new case, Mrs F When originally published, the metabolism of 
these patients was calculated in terms of the linear formula only 
We have now added the height-weight, Harns-Benedict and Dreyer 
data The conclusion was drawn originally that there was no funda- 
mental change in the metabolism m obesity As will be seen m Table 2, 
the results obtained with the other methods are m general similar to 
those obtained with the linear formula The closest prediction is that 
of the Harns-Benedict method, the average deviation being only 3 3 
per cent , the linear comes next with 4 9 per cent , then the height- 
weight formula with 5 6 per cent , and lastly, the Dreyer with 6 5 per 
cent Taking signs into consideration, we find a plus bias for the series 
with the, height- weight and Dreyei formulas and a negative one with 
the Harris-Benedict and linear The maximum deviation for all six sub- 
jects by all four methods is only -f- 115 per cent m the case of 
Mrs B by the height-weight formula By the linear she is — 1 7 per 
cent , and by the Harns-Benedict -f- 1 7 per cent and by the Dreyer 
+ 10 5 per cent Mrs McK is slightly subnormal by all methods, 
Mrs Mcl is slightly supernormal by all methods, and the rest show 
deviations above by some and below by other of the methods Taken 
as a whole, we believe these figures constitute strong confirmation of 
the conclusion originally drawn from the linear results alone, namely, 
that there is no fundamental change in the level of the basal metabol- 
ism in simple obesity They all show that in obesity the Harris- 
Benedict method gives a slightly closer prediction than the Du Bois 
formulas, and they closer than the Dreyer The last is not surprising 
since the latter method- takes no account of height In fact, the 
extraordinary thing is that the Dreyer prediction is as good as it is 
In Persons with Abnormal Metabolism — So much for the relative 
merits of these three methods of prediction m the case of persons who 
may be expected a prion to have normal metabolism Let us now apply 
them to persons who may be expected to have abnormal metabolism 
The problem here is a slightly different one It is not so much a ques- 
tion of finding the method which m the case of abnormal metabolism 
gives the least deviation from normal, as it isrof comparing the general 
trend of the deviation by one method, with that by another, to see, m 
other words, whether in a series of patients with varying elevations or 
depressions of metabolism the deviations by one method run parallel 
with those by another, or whether there is any constant tendency for 
one method to give greater deviations than another 

To accomplish this purpose, we have prepared three figures m which 
we have plotted the deviations shown by a series of 160 hospital patients 
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We used the graphic method in this instance, believing that it would 
more simply demonstrate the facts than would tables of numbers The 
patients, data on whom constitute the series, were selected only with a 
view to getting the greatest possible range of deviation As a result, 
we have chiefly patients with myxedema with subnormal metabolism, 
and patients with toxic goiters with supernormal metabolism, together 
with a few patients with essentially normal metabolism 


TABLE 2 — Comparison of Prediction Methods Data on Obese Persons 
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In Figure 1 are compaied the deviations by the Du Bois height- 
weight chart method, with those by Harris-Benedict A glance at this 
will show that the two methods give essentially parallel results The 
Harris-Benedict deviations are generally a few points higher than the 
Du Bois ones A similar comparison has already been made by Boothby 
and Sandiford,* and we were gratified to find that our own results are 
very nearly identical to theirs For example, Boothby and Sandiford 
found the average deviation 6 5 points higher by Harris-Benedict than 
by Du Bois, while we found it 6 0 points higher Similarly, 48 per cent 
of their observations varied within ±25 points of their average and 
87 per cent within ±75 while 45 per cent of our observations varied 
within ±20 points of out average and 88 per cent were within ± 6 
points 

We also studied our cases to see whether those m whom the differ- 
ence in the two methods was either much greater or much less than the 
average difference, were all of one sex or of one nutritional extreme 
No such relationship was found 
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We next determined the average difference between Harris-Ben- 
edict and Du Bois deviations in separate groups of patients We divided 
the whole series into fourteen groups according to the deviations by the 
Du Bois method Each group covered a range of ten points We then 
determined the average (Du Bois)— (Harns-Benedict) difference for 
each group The results are indicated by the interrupted diagonal line 
m Figure 1 While the average difference for the whole series, as has 
been said, was 6 0 points, it will be seen that at the lower end, that is to 



Fig 1 — Basal metabolism deviations of 160 patients by the Harris-Benedict 
(ordinates) and Du Bois height-weight formula (abscissae) The per cent 
deviation above or below the predicted metabolism is shown on the margin 
The interrupted line represents the average of the individual points 

say in the neighborhood of a deviation of — 20 per cent it is only 4 
points, while at the upper end in the neighborhood of a deviation of 
+ 80 per cent it is 8 points In this connection it will be remembered 
that in the Carpenter series of normal men the Harns-Benedict devia- 
tion averaged 2 15 points higher than the Du Bois (Table 1) 

These relationships we believe are interesting, for they seem to 
show that there is no fundamental difference m principle between the 
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Du Bois and the Harris-Benedict methods Indeed, as Boothby and 
Sandiford have properly pointed out, the two methods are constructed 
on identical factors, stature, weight, sex and age The difference in the 
two methods is essentially merely a systematic difference in the selected 
standards The Sage Institute standards throughout are a little higher 
than the Harris-Benedict This, as Du Bois has suggested to us in a 
recent letter, may have been because most of the subjects used in making 
the Sage standards were observed in hourly periods in the calorimeter, 



-40 -20 0 20 40 60 80 100 120 M0 

Variation from Du Bois Standard 

Fig 2 — The same for the Dreyer and Du Bois formulas 


while a considerable number of Benedict’s were observed in short 
periods with respiration apparatus As Du Bois further suggests it is 
not improbable that the subjects were slightly quieter during the shorter 
periods 

As a matter of fact what all this boils down to is that if approxi- 
mately 1 8 calories be subtracted from each of the Sage Institute 
standards, and if they then be employed as before, the results obtained 
m Oils series of patients will be essentially like those obtained by the 
Harris-Benedict method, that is to say, the (Harris-Benedict)— (Du 
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Bois) difference will be within ± 2 points m about 40 per cent of the 
cases, and within ± 6 points in about 85 per cent more Furthermore, 
the difference will be just as likely to be positive as negative 

We next compared the deviation by the Du Bois and Dreyer 
methods The results are shown in Figure 2 They are very similar to 
those of Figure 1 The Dreyer deviations averaged 7 3 points higher 
than the Du Bois Thirty-eight per cent of the Du Bois-Dreyer differ- 
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Variation from Drever Standard. 

Fig 3 — The same for the Harris-Benedict and Dreyer formulas 

ences varied withm ± 2 points of the average difference and 7 5 per 
cent within ± 6 points 

A comparison of Dreyer deviations with Harris-Benedict deviations 
is given in Figure 3 It shows a very striking parallelism between the 
two methods The Dreyer averaged 1 3 points higher than the Harris- 
Benedict, and 66 per cent of the ^differences were within ± 2 points 
of the average difference and 88 per cent within ± 4 points 

discussion 

We are now in a position to discuss the relative merits of the Du 
Bois, the Harris-Benedict, and the Dreyer methods, at least in so far 
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as they concern the clinician who wishes to get an accurate idea of the 
degree of abnormality of his patients’ basal metabolism 

In predicting the metabolism of normal men it was found that the 
three methods gave about equally good results, that in predicting that 
of obese subjects the Harris-Benedict method gave slightly better results 
than the other two In-the matter of deviations from normal m patients 
with myxedema, toxic goiter and the like, it was found that the infor- 
mation gained by the three methods was again strikingly similar 

The deviations by the Du Bois method are consistently somewhat 
less than those by the other two, but as has been pointed out this 
difference can be abolished by a slight change in the Sage Institute 
standards These standards are probably too high by somewhere 
between 1 8 and 0 6 calories It is only fair to call attention to the fact 
that Du Bois and his co-workers have said in print that the standards 
would have to be revised from time to time as more and more normal 
data accumulated 18 

We have yet to answer the original question, which method should 
the clinical calorimetnst use The answer is obviously that in one sense 
it is really of small consequence which he uses since the results obtained 
with the three are so similar Uniformity, however, is always advan- 
tageous and it is best not to abandon an old method for a new one, 
unless the new presents some material advantage over the old The 
Du Bois method is the one in common use today Since neither the 
Harris-Benedict nor the Dreyer methods have made any material 
improvement on it we believe it wise to continue with it, and especially 
in view of the fact that the existence of calorimetry in the clinic of 
today is due in large measure to the work of Du Bois He was the 
first to devise a satisfactory surface area formula, and also the first to 
provide standard figures for normal metabolism, both of which were 
necessary before calorimetry could be added to the diagnostic armamen- 
tarium of the clinic or to the list of tests of function 

SUMMARY AND CONCLUSIONS 

1 The accuracy of prediction of the basal metabolism of normal 
men by the Du Bois height-weight surface area method, the Harris- 
Benedict multiple prediction tables and by the Dreyer body weight 
formula, have been compared It was concluded that the average 
deviation was essentially the same by each, though the Du Bois devia- 
tions tended to run about two points or more lower than either of the 
others 

2 The same study was made in a series of six obese subjects It 
was found that with them the Harris-Benedict method gave a slightly 
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closer prediction than the other two In general, however, the devia- 
tions by all three methods were within what may be considered a normal 
limit of variation m all of the six subjects This furnishes confirmation 
of the conclusions drawn in earlier papers that there is no fundamental 
change m basal metabolism m simple obesity. 

3 In abnormal subjects patients with hypothyroidism or hyper- 
thyroidism, for example, it was found that the deviations by the three 
methods were essentially parallel, though on an average the Harns- 
Benedict deviation tended to be about 6 per cent higher and the Dreyer 
about 7 per cent higher than the Du Bois It was pointed out that 
these differences could be practically abolished by a slight reduction 
in the Sage standards 

4 It is suggested, that although the deviation by the three methods 
are \ery similar, nei ertheless, it is desirable to have uniformity, 
and that, therefore, the Du Bois method be continued, since it already 
is m common use and since the others appear to possess no material 
advantage over it 



THE BLOOD UREA NITROGEN IN ACUTE 
INTESTINAL OBSTRUCTION 


HENRY W LOURIA, MD 

NEW YORK 

The subject of acute intestinal obstruction has attracted interest for 
a considerable time both from a clinical and experimental standpoint 
E\ er since it was found that acute intestinal obstruction was amenable 
to operative therapeusis, surgeons have urged the early diagnosis of 
this condition, because they had learned that the success of their opera- 
te e procedures was largely dependent on relieving the obstruction 
before the toxemia, which so conspicuously accompanies this condition, 
overwhelms the patient The early recognition of acute intestinal 
obstruction, however, not infrequently presents difficulties even to 
skilled and experienced observers, chiefly due to the absence of the 
classical symptoms of the disease which often do not make their appear- 
ance until the intoxication has advanced to an alarming degree In 
recent years the development of blood chemistry methods and their 
application, first, in clinical cases, and, later, in experimental cases of 
intestinal obstruction, have shown a striking elevation in the blood urea 
nitrogen and noncoagulable nitrogen, and have suggested the possible 
value of these determinations in diagnosis The purpose of this com- 
munication is to describe a brief series of cases of acute intestinal 
obstruction and to report the observations which were made on the 
blood urea nitrogen 

In 1914, Tileston and Comfort, 1 in the course of a study of the 
blood chemistry in a large series of miscellaneous cases in human beings, 
found that in three cases of acute intestinal obstruction there was a 
surprisingly high elevation of the blood urea nitrogen and noncoag- 
ulable nitrogen In these cases the blood urea nitrogen varied from 59 
to 77 per cent of the total noncoagulable nitrogen Their highest blood 
urea nitrogen m a case of obstruction terminating m recovery was 92 
mg per 100 c c and their lowest reading was 45 5 mg In a case of 
acute obstruction due to an intestinal band which terminated fatally in 
spite of operation, the blood urea nitrogen rose from 72 8 mg at the 
time of operation to 114 mg immediately prior to death The phenol- 
sulphonephthalem excretion was determined in two cases In the first 
case it varied from 25 to 43 per cent , whereas in the second case it was 
70 per cent in 2 hours and 10 minutes 

1 Tileston, W and Comfort, C W Arch Int Med 14 620 (Nov) 1914 
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The study of the blood chemistry in acute intestinal obstruction was 
then taken up by Cooke, Rodenpaugh and Whipple, 2 who investigated 
the subject from an experimental basis They produced acute intestinal 
obstruction and closed intestinal loops in dogs, and found that in the vast 
majority of cases there was a definite met ease in the noncoagulable 
mliogen which was apt to be more striking and constant in the cases 
associated with symptoms of acute intoxication They were of the 
opinion that the detei mmation of the noncoagulable nitrogen was of 
more value than the blood urea mtiogen, as the former was more 
uniformly elevated in cases of acute intestinal obstruction, whereas the 
latter in their senes of cases vaned from 30 to 60 per cent of the 
total noncoagulable nitrogen They belie\ed that the determination of 
the noncoagulable nitrogen might be of value in the diagnosis and ptog- 
nosis of human cases 

Whipple and his co-workers, in addition to many conti lbutions on the 
nature of the substance responsible foi the toxemia which is such an 
impressive feature of the clinical pictuie of acute intestinal obstruction, 
have studied the renal function m cases of experimental obstiuction and 
proteose intoxication McQuaine and Whipple 3 4 found that associated 
with the intoxication of acute intestinal obstruction there exists a 
definite impairment of the excretory function of the kidney, as shown 
by a decrease in the latio of urea and sodium chlorid excielion and a 
decrease in the peicentage output of phenolsulphonephthalem. It is 
intei esting to note that the alteiation in the uiea and sodium chlorid 
excretion is far more pionounced than the decrease m the excretion of 
phenolsulphonephthalem, and that a marked deciease m the output of 
the dyestuff occuned mainly immediately befoie death 

McQuarrie and Whipple 1 then studied the renal function as 
influenced by pi oteose intoxication, and found that when toxic proteose 
, material obtained from a closed intestinal loop was injected intra- 
venously, there followed a definite lowering of the excretoiy function 
of the kidney sum hi to that obseived in expenmental intestinal obstruc- 
tion Injection of othei proteose substances obtained from vanous 
sources did not have this effect on renal function This work of 
McQuairie and Whipple is of paiticulai interest m connection with 
studies by Longcope and Rackemann 5 of lenal function in cases of 
hypei sensitive individuals They found that in three of six cases of 
urticaria, four of which were hypersensitive to one or moie foreign 

2 Cooke, J V , Rodenpaugh, F H, and Whipple, G H J Exper M 
23 717, 1916 

3 McQuarrie, I, and Whipple, G H J Exper M 29 ‘397, 1919 

4 McQuarrie, I, and Whipple, G H J Exper M 29 421, 1919 

5 Longcope, W T, and Rackemann, F H J Urol 1*351, 1917 
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proteins, there was a definite disturbance m the functional activity of 
the kidney One of the cases reported by Longcope and Raclcemann 
was admitted to the hospital with the diagnosis of uremia and the finding 
of a blood urea nitrogen of 150 mg per 100 cc at first seemed to con- 
firm this diagnosis The subsequent clinical course, however, showed 
that the case was one of sensitization to foreign protein and that the 
urea retention was probably due to proteose intoxication and its effect 
upon protein catabolism and renal function 

The group of cases which are herewith reported are seven m number 
and with two exceptions are cases of acute intestinal obstruction 
occurring after operation for some surgical disease of the abdomen 
The fiist of the ante-operative cases was a woman aged 56 years who 
was ill for seven days with vomiting and marked abdominal distention 
and in whom operation revealed an annular carcinoma of the sigmoid 
The second of the ante-operative cases was a woman 57 years old who 
was being treated m the hospital for a severe form of diabetes While 
under observation, she developed marked obstipation and abdominal 
distention, and operation showed marked distention of small intestine 
with fecal impaction m the colon All of the postoperative cases of 
intestinal obstruction, with one exception, terminated fatally, and post- 
mortem examination was obtained in all but one of the fatal cases In 
the case in which necropsy was not permitted, the patient succumbed 
three weeks later to the continuous loss of fluid and presumably 
nutriment through the enterostomy wound The blood chemistry deter- 
mination which was done in all cases was the blood urea nitrogen by 
Van Slyke and Cullen’s modification of Marshall’s method The non- 
coagulable nitrogen was not done In one case the phenolsulphone- 
phthalein excretion was studied 

REPORT Or CASES 

Case 1 — E B , female, aged 32 years, was admitted to the Presbyterian 
Hospital March 22, 1919, with the complaint of severe pain in the epigastrium, 
radiating around the right costal margin into the back Pain was of two 
days duration and was accompanied by repeated vomiting The stools were 
light colored, and the urine was dark amber She had had several similar 
attacks during the past ten years 

Physical examination showed jaundiced sclerae and tenderness in the right 
upper quadrant 

Patient was operated on March 24, 1919, and a chronically inflamed and 
contracted gallbladder, bound down by adhesions to the liver and pylorus, w r as 
found There were several gallstones in the gallbladder, one in the common 
duct and three at the papilla of Vater The common duct was opened, the 
stones w’ere removed and the duct closed The gallbladder was removed in 
the usual fashion and a rubber dram placed m Morrison's pouch 

March 24 Patient has made a fairly good immediate recovery from opera- 
tion She has \omited small amounts of bile tinged fluid but is otherwise 
comfortable 
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March 25 Patient does not look well Pulse is 110 and easily compressible 
There is a moderate degree of distention She looks toxic 

March 26 Patient is very much worse Her eyes are sunken, facies is 
drawn, and she looks profoundly toxic Abdomen is not markedly distended 
and is only slightly tender She has vomited about 30 c c of dark-brown fluid, 
but passage of stomach tube returned a large amount of almost black fluid 
with odor of upper intestinal material Pulse is 140 and is very soft m quality 
Colon irrigation returns clear with slight flatus 

March 30 Patient is irrational, and pulse is small and rapid She is vomit- 
ing repeatedly Abdominal distention and tenderness are very slight She has 
no pam m her abdomen 

April 3 Blood urea nitrogen, 147 mg per 100 c c , hemoglobin, 80 per cent , 
red blood cells, 5,200,000, white blood cells, 30,000, polymorphonuclears, 87 per 
cent , lymphocytes, 13 per cent 

April 4 The patient was seen m consultation by the medical service who 
found no evidence of chronic renal trouble or chronic disease as a basis for 
the patient’s condition It was felt that the high blood urea nitrogen was due 
to acute renal insufficiency which was thought to be due to some underlying 
disturbance of undetermined nature 

April 5 Condition of patient is distinctly improved Color is better and 
eyes are brighter Blood urea nitrogen, 132 mg per 100 cc 

April 7 Patient feels a great deal better but complains of intense itching 
from hives Examination shows a marked generalized eruption of urticarial 
character 

April 8 Blood urea nitrogen, 50 mg per 100 cc 

April 10 Eruption has disappeared entirely Patient is well on the road 
to recovery, and is eating with considerable appetite 

April 23 Patient was discharged feeling fine 

April 22, 1920 Patient was seen in the follow-up clinic and found to be in 
excellent health 

The clinical picture which this patient presented was very confusing, 
and, except for the frequent vomiting, was not typical of intestinal 
obstruction The blood urea nitrogen was, therefore, of great interest 
as pointing to this condition as the cause of the patient’s toxemia*. and 
although the exact nature of the obstruction was not determined, there 
is little conjecture as to its existence An unusual feature of the case 
was the appearance of an urticarial eruption during the convalescence 
of the patient In the light of Whipple’s work on the nature of the 
substance responsible for the toxemia of intestinal obstruction and the 
well recognized role of foreign proteins in the production of cutaneous 
lesions, it seems fair to assume that the urticarial eruption was simply 
a manifestation of proteose intoxication subsequent to the intestinal 
obstruction 

Case 2 — H P , male, aged 21 years, was admitted to the Presbyterian Hos- 
pital, Jan 17, 1920, with the complaint of pam m the abdomen of thirty-six 
hours duration The pam was first situated in the epigastrium where it was 
dull m character, but two hours later it localized in the right lower quadrant 
where it became sharp and cramplike He vomited several times after the 
onset of the pam 
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Physical examination showed definite right rectus rigidity with a marked 
degree of localized tenderness over McBurney’s point White blood cells, 17,500, 
polymorphonuclears, 90 per cent , lymphocytes, 10 per cent Urine amber, clear, 
acid, specific gravity, 1024, albumin, 0, glucose, 0, microscopic, negative 
Operation Jan 17, 1920, showed an acutely inflamed appendix with a perforation 
in its middle third and considerable free fluid in the pelvis Appendix was 
removed in the usual fashion and rubber-tube drams inserted into the pelvis 
January 18 Patient has made a good recovery from operation without 
nausea or vomiting There is no distention 

January 19 There is no distention and patient is very comfortable 
January 21 Patient has been considerably distended for the past thirty- 
six hours and is complaining of severe cramplike abdominal pain There has 
been no relief from rectal treatments Pulse has increased from 100 to 120 
and the patient looks badly He has vomited large amounts of brownish mate- 
rial several times 

January 22 All of the patient’s symptoms have increased in severity Blood 
urea nitrogen, 54 mg per 100 c c 

January 23 Patient was operated on and the small intestine was found to 
be greatly distended and congested, whereas the large intestine was completely 
collapsed No acute change from distended to collapsed intestine was found, 
there being a gradual transition from nondistended ileum at the ileocolic 
junction to a point about 3 feet proximal to the cecum where the ileum was 
distended to twice its normal diameter It was felt that in separating the coils 
of intestine from the drainage tubes, a mechanical obstruction had been relieved 
before its exact nature could be studied Enterostomy tube was inserted into 
the ileum about 2 feet above the ileocecal junction 

The patient had a very stormy postoperative course which finally terminated 
fatally twenty days after his second operation He developed a severe pneu- 
monitis from which he recovered only to lapse into a stage of marked inanition 
due to continuous loss of fluid and nutriment through his enterostomy wound 
All attempts to divert the stream of intestinal contents into the distal loop of 
enterostomy were futile 

This case presented a straightforward picture of acute intestinal 
obstruction with all the cardinal symptoms The finding of a blood urea 
nitrogen of 54 mg in the absence of any signs of pre-existing renal 
disease confirmed the clinical diagnosis 

Case 3 — W H , male, aged 49 years, was admitted to the Presbyterian 
Hospital, Feb 10, 1920, with the complaint of pain in the lower abdomen of 
twenty-four hours’ duration One week previously he had been ill for three 
days with a streptococcus sore throat from which he had apparently recovered 
He became nauseated and vomited several times shortly after the onset of 
the pain 

Physical examination showed moderate degree of abdominal distention with 
tenderness in both lower quadrants White blood cells, 14,400, polymorpho- 
nuclears, 89 per cent , lymphocytes, 11 per cent Urine amber, clear, acid, 
specific gravity, 1 034, albumin, 0, glucose, 0, microscopic, negative 

Operation Feb 10, 1920, showed an acutely inflamed appendix extending 
across the abdomen to the left wall of the pelvis, where it was adherent, 
binding down and obstructing the sigmoid Small intestine and large intes- 
tine above the level of the obstruction were greatly distended The appendix 
" as removed m the usual fashion and rubber tube drains inserted in the pelvis 
February 11 The patient made a fairly good recovery from operation but 
is still distended Colon irrigations returned a moderate amount of gas and 
fecal matter 
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February 16 Distention is very marked, in spite of all treatment Patient 
has grown weaker, and pulse has grown more rapid and is of poorer quality 
A secondary operation was performed this morning, and an enterostomy tube 
inserted into the presenting loop of dilated small intestine On account of 
patient's condition, exploration was not performed, but small intestine appeared 
greatly distended 

February 18 Enterostomy tube is draining freely, but patient’s condition 
has grown worse He is apathetic, weak and has occasional twitching of the 
arms Blood pressure systolic, 92, diastolic, 68 Urinary output for the past 
twenty-four hours has been only 50 c c in spite of an intake of 2,500 c c of 
fluid given intravenously and by hypodermoclysis Blood urea nitrogen, 106 
mg per 100 cc 

February 19 Patient is comatose Breathing is stertorous Pulse is slow 
and quite full There has been complete anuria for the past twenty-four hours 
Blood urea nitrogen, 170 mg per 100 c c Patient died that afternoon 

Necropsy showed marked distention of the stomach and jejunum above the 
level of the jejunostomy Below this the intestine was collapsed No definite 
organic obstruction was demonstrated The kidneys together weighed 270 gm 
They were normal in size and slightly softer than usual The capsule was 
glistening and stripped easily External surface of kidneys showed evidence 
of lobulation and was irregularly congested On cut section the striations 
were easily made out, but between the striations there seemed to be swelling 
of cortical tissue Glomeruli were easily visible as shiny points Medulla 
and pyramids were normal Microscopic examination showed a few areas 
where the glomeruli were fibrosed with collapse of adjacent tubules Through- 
out the remainder of the sections the glomeruli were congested and com- 
pletely filled their capsules, but there were no adhesions between glomerulus 
and capsule The convoluted tubules were slightly swollen so that their lumens 
were small, but cell outlines and nuclei were well preserved 

This case, although undoubtedly one of acute intestinal obstruction, 
is puzzling in so far as the cause of the obstruction was not determined 
It was at first believed that it was one of paralytic ileus, and the absence 
of cramps and visible peristalsis supported this belief However, the 
fact that all colon irrigations returned without gas or fecal material 
pointed to the presence of a complete obstruction of organic nature, and 
this impression was confirmed by the postmortem findings of distention 
of the upper jejunum and collapse of the remainder of the intestine A 
striking feature of the clinical picture was the matked decrease in the 
excretory function of the kidney, as shown by the almost complete 
anuria which lasted for a period of forty-eight hours prior to death 
Associated with this renal insufficiency he developed involuntary twitch- 
mgs of the arms not unlike those seen in uremic states, and later lapsed 
into a condition of coma These symptoms were not the result of any 
inflammatory process in the kidney, as pathological examination failed 
to show any of the morphological changes which usually accompany - 
nephritis, but were due to the lowering of renal function which follows 
intestinal obstruction and proteose intoxication 

CA t. SE ^ 4 ^ J, female, aged 60 years, entered the Presbyterian Hospital, 
March 6, 1920, with the complaint of passage of bright red blood from the 
rectum of three months’ duration 
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Phjsical examination was essentially negative, except for the presence of 
a hard mass situated on the anterior rectal wall, which pathologic examina- 
tion shoved to be a typical adenocarcinoma March 11, 1920, the rectum and 
the lower portion of the sigmoid were removed by the combined abdomino- 
perineal method During the latter part of the operation, the patient went into 
a state of shock presumably on account of traction on the mesentery She 
remained m this state for approximately thirty-six hours, and then gradually 
lapsed into an apathetic stage interrupted by occasional periods of restlessness 
She refused food constantly and fluids were administered by infusion and 
hjpodermoclysis Feedings through stomach tube were futile, as they were 
vomited shortly afterward Distention was moderate, but there were no cramps 
or \ lsible peristalsis Blood urea nitrogen, March 17, was 99 mg per 100 c c 
Blood pressure sjstolic, 115, diastolic, 70 Urine showed a faint trace of 
albumin but was otherwise negative Specific gravity varied from 1 018 to 
1 012 Patient grew steadily worse and died April 4, 1920 

Necropsy showed a loop of small intestine adherent to parietal peritoneum 
at upper part of operative incision Above this level the small intestine was 
moderately distended with fluid and gas Below the level of the obstruction 
the intestine was collapsed The kidneys together weighed 300 gm They were 
flabby and of equal size Left kidney showed that the capsule stripped easily 
exposing a slightly rough, pale pink surface About the middle of the organ 
there was a mottled reddish-yellow scar which on section appeared to be an 
old infarct The cortex measured 4 mm in width and was pale with incon- 
spicuous glomeruli The striations were indefinite but many straight con- 
gested vessels were seen m the cortex Medulla was grossly normal Pelvis 
was considerably dilated and congested m streaks The right kidney presented 
the same appearance except for the absence of any infarct Microscopic exam- 
ination showed the glomeruli and tubules to be normal There were no changes 
in the blood vessels Section through the old infarct in the left kidney showed 
an area of coagulation necrosis extending from cortex into peripheral portion 
of medulla Shadows of glomeruli and tubules were still present 

Case 5 — A R , female, aged 62 years, entered the Presbyterian Hospital, 
April 4, 1920, with the complaint of pain in the abdomen, cramps and vomiting 
of twenty-four hours’ duration For the past fourteen years she had had an 
umbilical hernia which had always been easily reducible until forty-eight hours 
ago when she found that she could not replace the mass within the abdomen 

Physical examination show r ed a profoundly toxic, elderly woman with a 
greatlj distended abdomen At the umbilicus there was a large, tender irre- 
ducible hernia 

Operation was performed April 4, 1920 The contents of the hernial sac 
was the entire transverse colon, which was so greatly distended with gas 
that it had to be punctured twice before it could be returned to the abdominal 
ca\ it} The patient made a good recovery from operation and was in excellent 
condition for three days On the fourth day she began to look poorly, and 
the abdomen was considerably distended She appeared to be listless and 
apathetic, and these symptoms grew steadily worse April 10, 1920, blood urea 
nitrogen, 140 mg per 100 cc April 12, 1920 the patient was given a hypo- 
dermoclysis of 1,000 cc of physiologic sodium chlorid solution and at the 
end of the treatment 6 mg of phenolsulphonephthalein was given intramus- 
cular!}, after the patient had been previously catheterized At the end of 
two hours and ten minutes, patient was again catheterized and 230 cc of 
urine obtained Phthalem excretion w ; as 58 per cent Blood urea nitrogen on 
the same day was 130 mg Blood pressure was not elevated April 9, 1920 
s}stolic, 135, diastolic, 70 April 11, 1920 systolic, 130, diastolic, 65 Urine 
examination was completely negative There was no albumin and no casts 
Specific gra\ it} varied from 1 014 to 1 026 The patient’s condition grew f pro- 
gressncl} worse and she died on April 14, 1920 
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Necropsy showed the colon to be collapsed from the hepatic flexure to the 
lectum At the hepatic flexure there were a few relatively firm adhesions, and 
this was found to lie the site where the intestine had been punctured during 
operation Above this point the colon and small intestine were tremendously 
distended The kidneys together weighed 280 gm They were of equal size 
and similar in appearance The capsule stripped easily exposing a gray sur- 
face with distended stellate veins On section, the cortex was normal m width 
with distinct striations The glomeruli were normally prominent In the lowei 
pole of the right kidney there was a small, yellow rectangular infarct Micro- 
scopic examination showed the tissue to be poorly preserved, probably through 
postmortem changes The glomeruli were normal, except for occasional slight 
thickening of the capsule The tuhules presented no abnormality There were 
no changes in blood vessels Section through infarct showed an area of coagu- 
lation necrosis extensively infiltrated with red blood cells 
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In this case the question arose as to whether or not the high blood urea 
nitrogen might be caused by a chronic nephritis Against this diagnosis was 
the absence of high blood pressure, the negative urinary findings, with a 
variation in specific gravity from 1 014 to 1 026 and a phenolsulphonephthalem 
excretion of 58 per cent It was felt that if the elevation of the blood urea 
nitrogen were due to a chronic nephritis, the phthalem excretion would be 
greatly lowered, whereas irracute intestinal obstruction as shown by McQuarrie 
and Whipple, the phthalem excretion is not greatly altered until shortly 
before death 

Case 6— A B, female, aged 56 years, entered the Presbyterian Hospital 
with the complaint of distention of the abdomen of one week’s duration 

Physical examination showed a profoundly ill, elderly woman with an enor- 
mously distended abdomen There was no visible peristalsis Blood pressure 
was 98 systolic and 75 diastolic White blood cells, 11,600, polymorphonuclears, 
77 per cent , lymphocytes, 23 per cent Urine showed a very faint trace of 
albumin with a rare finely granular cast Blood urea nitrogen was 74 mg 
per 100 cc Opeiation was performed April 21, 1920, and showed an annular 
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carcinoma of the sigmoid with tremendous distention of the intestine above 
this level There was a small perforation in the transverse colon This was 
closed and a large enterostomy tube inserted in the descending colon Although 
the patient stood the operation well, she lapsed into a state of marked apathy 
and died six hours later No necropsy was obtained, but it was felt that in the 
absence of any signs pointing to chronic nephritis, the high blood urea nitrogen 
was due to the toxemia of intestinal obstruction This case, as did the pre- 
ceding one, demonstrated that an elevation of the blood urea nitrogen can 
occur following a low r obstruction as well as a high intestinal obstruction 
Case 7 — A M , female, aged 57 years, entered the Presbyterian Hospital, 
July 7, 1920, with the complaint of weakness, loss of weight, polydipsia and 
poljuria of five months’ duration Urine examination showed glucose 2 6 per 
cent and the blood sugar was 0 43 per cent She was fasted for several days 
and placed on a restricted diet under the influence of which she gradually 
became sugar free Oct 22, 1920, she complained of severe abdominal cramps 
and obstipation She was given catharsis without effect and enemas were 
returned clear After four days of marked abdominal distention, cramps and 
failure to pass either gas or feces, the patient was operated on, and the large 
intestine found filled with impacted fecal material while the small intestine 
was greatly distended with gas Blood urea nitrogen taken the day before 
operation w r as 60 mg per 100 c c The patient was in very poor shape at time 
of operation, and died shortly afterward Blood urea nitrogen previous to onset 
of obstipation w'as not done, as the patient was apparently an uncomplicated 
diabetic, but it w'as felt, nevertheless, that the blood urea nitrogen of 60 mg 
presented an abnormal elevation resulting from her ileus 

SUMMARY 

Seven cases of acute intestinal obstruction are described, in all of 
which there was an increase in blood urea nitrogen The lowest reading 
was 54 mg per 100 cc The highest reading was 170 mg 

In one case m which the blood urea nitrogen was 130 mg per 100 
c c , the phenolsulphonephthalem excretion was studied and found to be 
58 per cent in two hours and ten minutes 

In one case a generalized urticarial eruption appeared while the 
patient was convalescing from an acute ileus As the substance which 
causes the toxemia of acute intestinal obstruction is presumably of 
proteose nature, it was felt that this eruption was probably a cutaneous 
manifestation of proteose intoxication 

All cases were free from any evidence of chronic renal disease, and 
it is, therefore, fair to assume that the elevation m the blood urea nitro- 
gen was the result of the acute intestinal obstruction 0 

I wish to express my indebtedness to Dr A V S Lambert, Director of the 
Surgical Ser\ ice, for the privilege of reporting these cases, to Dr W T 
Longcope, Director of the Medical Service, for many helpful suggestions and 
to Dr J \Y Jobling, Director of the Pathological Service for the use of the 
pathological material 


6 After this communication was in proof an article by I M Rabmowntch 
was published in the Canadian Medical Association Journal for March, 192 1, in 
which an increase m the blood urea nitrogen was reported in a series of cases 
of intestinal obstruction, acute general peritonitis and acute pancreatitis 
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LAENNEC APRES 1806, 1806-1 826, D’APRES DES DOCUMENTS 

INEDITS Alfred Rouxe^u fProfesseur a 1’Ecole demedecine de_Nantes) 
80, Paris, 1920 J B Batlhere et Fils 19 Rue Hautefeuille, Fr 35 

The publication in 1912 of the first -volume of Professor Rouxeau’s life of 
Laennec ("Laennec avant 1806 etc 80 Paris, 1912 J B Bailliere et filsj was 
a happv event for those who cherish the memory of one of the great figures 
in the history of medicine- And nov , after more than eight vears, comes the 
conclusion Filled with a just admiration of the man and his work together 
with the priae of a compatriot in the accomplishments and contributions of 
a fellow Breton, generously aided bv the living members of the Laennec familv. 
Professor Rouxeau has gathered a remarhablv full material bearing on the 
life and career of the discoverer of auscultation 

From a minute and judicial studv of this material, and from a personal 
famiharitv with the scenes v hich surrounded Laennec’s bovhood the author 
has constructed faithfullv, lovinglv, sympathetically, the narrative of his career 
One follow s step bv step from bovhood onward the development of a great 
character The wealth of quotation from personal letters gives one a rare 
insight into the spirit of the man, and lends a peculiar personal charm to the 
picture. 

To Professor Rouxeau we owe a debt of sincere gratitude for weaving 
together so skilfully the threads of a story which should be familiar to every 
physician v ho loves the history of his art g ^ 

WIENER ARCHIV FUER IXXERE MEDIZIX Herausgegeben von Pnv - 
Doz Dp Richvrd B-^cer. Ppof Dp Rldolf T vksch etc Geleitet vox* 
W F vet v VXD K. F Wevckebvch Urban und Schv arzenberg Berlin und 
Wien 

When the historv of the work of physicians and biologists during the world 
war comes to be written, it will probably appear that one of the finest figures 
will be that of the modest well trained and unselfish K F Wenckebach who 
called to the University of Vienna when it was an honor to be there chose to 
remain when the sword of Brennus had made life almost impossible What he 
and others have done to keep up the courage of the rest of the population we 
can dimly surmise This new Archiv is a promising example of the spirit 
of the medical Viennese The old format is retained, the old standpoint 
clinical and experimental, it the experiment bears on a clinical problem 
Fascicles of from ten to fifteen qu>res are expected at irregular periods form- 
ing volumes of from thirty to forty quires No price is given How can it 
be in a country where paper money is of less value than beer bottle labels' 
No longer the good paper of old Yet the type and presswork are good the 
proofreading better than much of ours The illustrations are few and only 
black and white 

The table of contents of Volume 2, Part 1 show s interesting material 
Egmont Muenzer of Prague returns to the studv of vascular sclerosis, in which 
he contrasts sclerosis of the larger and smaller (precapillary) arteries, and 
as a cause of arteriolo-capillary sclerosis he suggests acute infectious disease 
and gout 

Edmund 2vfaliw a and ^Iiss Eckert or Innsbruck hav e an article concerning 
chlorin metabolism m histogene edemas w ith a criticism of Ambard’s law on 
the relation between chlorid concentration in serum and excretion in urine 
They think the lav is not valid m edemas but applies after their removal 
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Arnold Ivirch of Vienna writes dn concretio and accretio cordis He takes 
rt case wronglj diagnosed by Baeumler to show how easy it is to make a 
mistake, so that concretion may be diagnosed and the necropsy show no signs, 
on the other hand, the necropsy gives the first intimation He speaks of the 
signs ad\anced by \arious authorities, such as absence of systolic apex beat, 
rebound of the thorax, diastolic filling of cervical veins, Broadbent’s sign, 
immobility of apex beat and dulness on change of position, paradox pulse, 
metallic heart sounds, constant doubling of the second sound at the apex and 
the work of Wenckebach with relation to the movement of the thorax The 
author advances a new pulse sign — a small pulse easily compressed by the 
finger and with low pressure and low pulse pressure (from 10 to IS mm ) 
He thinks the condition is usually the sequel of a polyserositis, especially 
tuberculosis 

Alfred Decastello u r rites on bacteriemia m typhoid and its treatment by 
vaccines He asserts that under vaccine treatment the bacilli disappear from 
the circulation before the fever, and that at the same time rapid removal of 
typhoid bacilli takes place from the internal organs In some cases no such 
results occur Success depends on the antibacterial effect, the factors for which 
cannot yet be stated 

F Hoegler reports from Falta’s clinic a case of chronic polyneuromyositis 
with severe contractures, giving the differential diagnosis from trichinosis, 
polymyositis, polyneuritis and muscular atrophy 

Oskar Wellmann in Chvostek’s clinic describes the 10 dm binding power 
of urine and thinks it gives a useful measure for the analysis of kidney function 
equal m value to specific gravity The same author writes on the pathology 
of edema disease, showing that the pancreas serves as a point of predilection for 
alimentary poisons 

S Bondy and R Strisower, working under Pal, speak of the effect of 
hvpertonic salt solution on hemoglobinuria from cold 

Egon Weiser contributes an article from the German medical clinic of 
Prague, showing that political frontiers cannot prevent cultural associations, on 
insufficient expansibility of the heart as a cause of severe circulatory disturb- 
ance, with an interesting study of the probable mechanism 

Needless to say, the Wicnci Archw must be included among current journals 
in all medical libraries and its contents examined regardless of the fates of 
archdukes and kaisers or the rise and fall of kronen 


CORREC1 ION 

In the paper by C M Richter, published m the March issue of the 
\kchivis oi Internal Mjdicinf, the legend for Figure 3 w r as omitted It 
reads Continuous line represents air pressure figures taken at 8 a m 
(Washington D C, time) every daj, reduced to sea level and standard gravity 
W ccklj lines give number of deaths from influenza and pneumonia 
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THE INCIDENCE AND HISTOPATHOLOGY OF 
TUBERCULOSIS OF THE TONSILS 

BASED OX EIGHT THOUSAND SIN HUNDRED TONSILLECTOMIES 

CARL VERNON WELLER MD 

VXN ARBOR, MICH 

An unusual opportunity to study the less common pathologic 
changes in the tonsil has been afforded in the department of pathology 
of the Unnersity of Michigan through the practice of making routine 
histologic examinations of all tonsils recened from the University 
Hospitals This material now represents approximately 9,000 cases 
This is a far larger series than has been reported from the standpoint of 
a micioscopic study hitherto, and lends itself to quantitative analysis 
with the prospect of yielding much more accurate results, within the 
limitations of the data considered than the smaller numbers forming 
the basis of preuous studies 

While tuberculosis occurs in but a small percentage of the tonsils 
examined, as compared to the \anous chronic inflammatory manifesta- 
tions, hyperplasias and metaplasias, which are present in varying degrees 
m all tonsils regardless of the clinical lustor}, its occurence is of suffi- 
cient frequence to constitute one of the chief reasons for continuing the 
labor imohed m the routine histological examination of all tonsils 
received It greatly outranks the other chronic infective granulomas , 
recognizable syphilitic legions being next in order, but by no means as 
frequent, while actinomycosis of the tonsil ranks third m this group, 
although met w ith only \ ery rarely 

This paper deals with two aspects of tonsil tubeiculosis First, (a) 
the total incidence will be considered with the effect on the incidence of 
the character of the population from which the cases are drawm, (b) 
the incidence in various age groups, and (c) the incidence as to sex 
In the second part of the paper, the histopathology of tuberculosis of 
the tonsil will be discussed and the cases separated into a limited num- 
ber of groups showing lesions of quite different character m each group 
and ha\ mg an entirely different clinical significance m each instance 

LITERATURE 

A complete sur\ey of the literature is unnecessaiy at the present 
time, but reference will be made to all important articles in their proper 
connection and a rather extensive bibhographv is appended 

* From the Department of Pathologj Unnersitj of Michigan 
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The literature of tubeiculosis of the tonsils is of compaiatn ely 
recent date Tins is due, m part, to Virchow’s (1864) statement, 
quoted in most of the older textbooks, to the effect that tuberculosis of 
the tonsil had not yet been observed Much more important in this 
connection, howevei, is the fact that, in its most common forms, tuber- 
culosis of the tonsil cannot be diagnosed macroscopically, and, there- 
fore, becomes the subject of report only as histologic examinations are 
more frequently made The earliest obseivations seem to be those of 
Corml 1 (1875), (Quoted by Friedmann 2 ) who found an ulcerating 
lesion of the pharynx and tonsil m an otherwise healthy appearing 
individual, of Deplous 3 (1878), who found a tuberculous ulceiation 
of the tonsil as well as of the adjacent parts m a child dying of pul- 
monary tuberculosis, and of Orth 4 who produced tonsil tuberculosis 
experimentally m dogs in the course of a series of feeding experiments 
with tuberculous tissues, apparently a primary focus 

Numerous articles have dealt with the occurrence of tonsil tubei- 
culosis in necropsy material derived from patients* dying with obvious 
tuberculosis lesions elsewhere in the body Some of the moie important 
of these are the papers of Strassmann, 5 Dmochowski, 6 Schlenker, 7 * 
Kruckmann, 5 Walsham, 9 Labbe and Levi-Sirugue 10 and Friedmann 
The frequency of secondary tonsil involvement m cases of advanced 
pulmonary tuberculosis was thus early established The earliest refer- 
ence to well authenticated cases of primary tuberculosis of the tonsil is 
that of Orth 11 who found characteristic microscopic lesions in the 
tonsils of childien dying from diphtheria without ecidence of tubercu- 
losis elsev here in the body 

1 Corml Quoted bj Friedmann'' 

''2 Friedmann, F F Ueber die Bedeutung der Gaumentonsillen von jungen 
Kindern als Eingangspforte fur die tuberkulose Infection, Beitr z path Anat 
28 66, 1900 

3 Quoted bj Friedmann* 

4 Orth, J Experimented Untersucliungen uber Futterungstuberculose, 
\rch f path Anat u Physiol 76 216, 1879 

5 Strassmann, F Ueber Tuberculose der Tonsillen, Arch f path Anat u 
Plnsiol 96 319, 1884 

6 Dmochowski Ueber secundare Erkrankungen der Mandeln und der 
Balgdrusen an der Zungenvurzel bei Schwmdsuchtigen, Beitr z path Anat 
10 481 1891 

7 Schlenker, E Beitrage zur Lehre von der menschlichen Tuberculose, 
\rch f path Anat u Physiol 134 161, 1893 

S Kruckmann E Ueber die Beziehungen der Tuberculose der Halslymph- 
drusen zu der Tonsillen Arch f path Anat 138 534, 1894 

* 9 Walsham Latent Tuberculosis of the Tonsil, Tr Path Soc Lond 49 
67, 189S 

10 Labbe and Le\ l-Sirugue Etude sur les lesions de l’amygdale dans 
quclques cas de tuberculose, Bull Soc Anat de Par, 6 Serie 1 919, 1899 

11 Orth Lehrbuch der speciellen pathologischen Anatomie, 1887, p 663 
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The work of Lermoyez 12 chew attention to tuberculosis of the 
pharyngeal tonsils, and the papers of Pluder and Fischer , 13 McBride 
and Turner , 14 Bneger 15 Piffl, 1G Rethi 17 and ( Hymtzsche , 18 among 
others, resulted The occurrence of tonsil tuberculosis during child- 
hood has been investigated especially by Latham , 19 Friedmann , 2 Ito , 20 
Kmgsford 21 and Mitchell 22 

Of the important contributions dealing m a general way with the 
subject of tonsil tuberculosis, or with special phases of it, such as the 
tonsil as a point of entrance of infection, the nature of the infecting 
organism, whether bovine or human; relationship to lymphoid hyper- 
plasia and relationship to cervical gland and pulmonary tuberculosis, 
the papers of Gottstem . 23 Grober , 24 Bandelier. 2 '’ Carmichael , 26 Sewall , 27 
Mitchell, 2S and of Crowe, Watkins and Rothholz 29 are especially 
worthy of mention 


12 Lermcnez, M Les vegetations adenoides tuberculeuses, Presse med 
3 413, 1895 

13 Pluder and Fischer Ueber primare latente Tuberculose der Rachen- 
inandelhyperplasie, Arch f Laruigol u Rlnnol 4 372, 1896 

*14 McBride and Turner Nasopharyngeal Adenoids, Edinburgh M T 43 
355, 471, 598, 1897 

15 Bneger Ueber die Beziehungen der Rachcnmandelhyperplasie zur 
Tuberculose, Ztschr f Ohrenheilk 33 191, 1898 

16 Piffl Hyperplasie und Tuberculose der Rachenmandel, Ztschr f Heilk 
20 297 1899 

17 Retln Die latente Tubeiculose der Rachenmandel, Wien klin Rundschau 
14 509, 1900 

* 18 Hymtsche Anatomic Im estigations on the Hypertrophy of the Phar- 
yngeal Tonsil Arch of Otol 29 356, 1900 

♦ 19 Latham, A Pulmonary Tuberculosis in Early Childhood, Lancet 2 
1785, 1900 

20 Ito Untersuchungen uber die nn Rachen befindlichen Emgangspforten 
der Tuberkulose, Berl klin Wchnschr 40 27, 1903 

•<21 Kmgsford, L Tuberculosis of the Tonsils in Children, Lancet 1 89, 1904 

?22 Mitchell, A P Primary Tuberculosis of the Faucial Tonsils in Chil- 
dren, J Pathol & Bacteriol 2 i 248, 1917 Also J Laryngol , Rhinol & Otol 
33 8, 40, 1918 

23 Gottstem, G Pharynx- und Gaumentonsille primare Emgangspforten 
der Tuberculose, Berl klin Wchnschr 33 689, 714, 1896 

24 Grober, J A Die Infectionswege der Pleura, Deutsch Arch f klin 
Med 58 296, 1900 Die Tonsillen als Eintrittspforten fur Krankheitserregei 
besonders fur den Tuberkelbazillus, Klin Jahrb 14 547, 1905 

25 Bandelier Die Tonsillen als Emgangspforten der Tuberkelbazillen 
Beitr z Klin der Tuberk 6 1, 1906 

26 Carmichael, E S Tuberculosis of the Tonsil, Associated with Tuber- 
culous Glands of the Neck, Proc Roy Soc Med , Sect Dis Child , London 
3 27 1910 

•2 7 Sewall, E C Histologic Examination of the Faucial Tonsils with 
Reference to Tuberculosis, JAMA 46 867 (March 25) 1911 

28 Mitchell, A P The Infection of Children with the Bovine Tubercle 
Bacillus, Brit M J 1 125, 1914 

29 Crowe, Watkins and Rothholz Relation of Tonsillar and Nasopharyn- 

geal Infections to General Systemic Disordeis, Bull Johns Hopkms Hoso 
28 1, 1917 ' 
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MATERIAL 

The material used in this analysis consists of the faucial and 
pharyngeal tonsils from 8.697 consecutive cases, operated on m the 
University Hospitals and submitted to the pathologic laboratory of the 
University of Michigan foi routine histologic examination The period 
of time represented covers the years from 1906 to 1919, inclusive, but 
by far the greater part of the material has been leceived during the past 
five years It may be stated roughly that the 8,697 cases indicate the 
examination of 8,697 pairs of faucial tonsils and of about one-fourth 
as many pharyngeal tonsils While this is not stnctly true the instances 
m which only one faucial tonsil was removed or the pharyngeal tonsil 
alone was submitted for examination are so few that it makes no 
appreciable difference in the statistical analyses presented here, whethei 
they are included or not 

The patients from whom these tonsils weie removed were selected 
cases only to the extent that they all exhibited one or more of the con- 
ditions which have been accepted by many otolai yngologists during the 
past few years as indicating need for tonsillectomy As a group, the) 
ate much more neaily representative of the total population of the 
region from which they came than is usually the case in similar studies 
This is due to the peculiar character of the Umvei sity Hospital which 
is in no sense a local clinic but draws its patients from the entire state 
and neighboring states as well All ages, from one yeai to 78 yeai s, are 
represented, the mral as well as the uiban fraction of the population, 
and the extremes of social standing Two groups of patients, however 
have been sufficiently numerous to influence the curve of incidence of 
tuberculosis to an extent which will require further consideration m its 
proper place These are the inmates of the state institutions for 
dependent and defective children, who at one time were brought almost 
en masse to the University Hospitals to have their tonsils removed , and 
university students many of whom submit to tonsillectomy while resi- 
dent m Ann Arbor It may be noted here that this second group 
coming for the greater part from comfortable middle class homes, has 
enjoyed living conditions free from those institutional risks to which 
the first has been subjected Attention must also be called to the fact 
that in the last few years an mci easing numbei of middle-aged patients 
have been referred to the otolaryngologist for tonsillectom) fiom othei 
clinical departments This also, has had its influence upon the inci- 
dence of tonsillar tuberculosis 


METHOD 

Immediate!) on removal, the tonsils were placed in a 10 per cent 
solution of liquor formaldehydi and, after adequate fixation, poitions 
were selected for microscopic examination As a rule, all of the fiag- 
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merits of the pharyngeal tonsil were embedded The faucial tonsils 
w ere bisected m a vertical plane at right angles to the mucous surface, 
and from the cut face of one of the hah es thus obtained the sections for 
microscopic examination were made The other half was marked by 
attaching a numbeied tag by means of a drop of thick gum acacia solu- 
tion and dropped into a jar of alcohol for preservation in case it should 
be necessai y to refer to it again Usual methods of paiaffin infiltration 
and embedding, and hematoxylin and eosin staining, were routinely 
employed, with the additional use of various special stains when 
indicated 

As a rule, only one 01 two sections were examined from each block, 
but care was taken to cover each section systematically m older that 
every field might be scrutinized The blocks of adenoid tissue were 
sliced away until the largest possible sections could be obtained, and the 
half tonsils were embedded to cut from the entire flat surface, again 
giving the largest possible sections as well as those which would inter- 
sect the ramifications of the greatest number of crypts A few sections, 
thus carefully oriented and systematically searched, will yield a higher 
percentage of positn e lesults than serial sections of limited portions 
of the tonsil, for although tonsil tuberculosis is very often a local 
process involving only a small fraction of the entire organ, it is also 
very frequently a crypt infection, as will be pointed out later, hence it 
is important to examine some poition of each crypt as far as possible 
We believe that oui method accomplishes these pui poses as satisfac- 
torily as is possible with a limited number of sections 

The results, however, as expressed by the cuive of incidence, lep- 
resent minimal figuies, for there can be no doubt that if it weie possible 
to examine each tonsil throughout in serial sections taken at an mten al 
of 0 1 mm oi less, the total numbei of cases would be mci eased by the 
addition of those in which single tubercles or small groups of tubeicles 
would be found in the anterior and posterior penpheial poitions of the 
tonsil Sewall 27 and his associates attempted to estimate the peicentage 
of error thus mtioduced by making senal sections of tonsils previously 
diagnosed as nontubeiculous after the examination of a few sections 
They found one case positive m the first series of twenty pans exam- 
ined and none in another series of twenty-three pairs, or 2 3 per cent 
altogether The peicentage m 772 pairs examined by the oiigmal 
method was 3 9, which would seem to indicate that about 38 per cent 
of the cases had been missed at first through incomplete examination 
It is exceedingly dangerous, however, to assume from so occasional an 
occurrence as once in forty-three cases that the same ratio would hold 
throughout Moreover, the original examination was made by a few 
frozen sections and there are no tissues in which diagnosis from frozen 
sections is more difficult than those of the lymph-adenoid gioup It is 
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quite unlikely that tlie sections examined in the first instance \\ ould 
am where nearly approximate m size those obtained from the entire 
cut surface of a longitudinally bisected hyperplastic tonsil 

The method used here is the only one suitable for the routine exam- 
ination of a large material, and there can be no doubt that the results 
aie moie accurate than those obtained from any othei single method, 
except the examination of serial sections of the entire tonsil The 
staining of direct smears from the cut suiface yields of necessity but 
a \ er) occasional positive result It may however gn e false positives 
because of the occasional presence of tubercle bacilli m the tonsillai 
ciypts without imasion of the tonsil itself The examination of sec- 
tions stained for tubercle bacilli is exceedingly laborious, requiring, 
oftentimes, the piolonged search of many sections, e\en when the tissue 
lesions are abundant This method is of considerable value m con- 
fiinung the histologic diagnosis in doubtful cases but the results 
afforded by it can be accepted only when positive Its limitations have 
been explained as due to the small numbei, or rapid disintegration, of 
the bacilli It must also be borne in mind that after certain routine 
fixations as, for instance, foimol, staining of tubercle bacilli in sections 
is rendered either very difficult or impossible The cultivation of the 
bacilli is a difficult procedure because of the prevalence of contaminat- 
ing organisms and as a rule only a small portion of each tonsil can he 
employed in this method Von Scheibner’s 30 earlier results were all 
negative m a small series of twenty cases Mitchell 28 seems to hat e 
attained a fair measure of success in his use of egg medium 

Animal inoculation has been much exploited as a method of inves- 
tigation of tonsil tuberculosis since the report of Dieulafoy, 31 leading to 
his controtersy with Corml 32 as to the availability of this procedure 
It is open to seveial serious objections, death of experimental animals 
from septic processes, false positives from surface organisms and those 
in the crypts, the small amount of tonsillar tissue which can be used, 
the failure to inoculate a sufficient number of organisms to overcome 
the resistance of the animal and the length of time necessary before the 
icsult can be ascertained Special procedures hate been devised to 
otercome some of these objections Mitchell 22 employed a 2 per cent 
aqueous solution of ericohn to effect a partial sterilization of the tonsil 
according to the method of Twort Latham in used only the more 
central portions of the tonsil for inoculation Von Scheibner 30 washed 

30 Von Scheibner Bilden die Tonsillen haufige Emgangspforten fur die 
TtthtrhelbaciIIen 3 Beitr z path Anat 26 511, 1899 Also Deutsch med 
V chnschr 25 343, 1899 

31 Dieulafoe Tuberculose lareee des trois amygdales, Bull de l’Acad de 
med Par 33 437 1S95 

« ^ Ur ^ tuberculose lanee de trois amygdales, La Semaine med 
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the tonsils in a dilute sublimate solution The most elaborate method 
of all, that of Austin, 33 makes use of antiformin digestion and con- 
centration of the minced and giound tonsil tissue, followed by injection 
into a traumatized inguinal lymph node of a guinea-pig He found, 
however, but one positive m forty-five consecutive cases, contrasting 
with fifteen positive cases out of ninety-six as reported by Dieulafoy 31 
m his use of this method without its latei refinements Even in the 
one case of Austin one might well question the results since the positive 
finding was obtained m only one guinea-pig which might have been 
previously infected with tuberculosis 

Against the purely histopathologic method of diagnosis of tonsil 
tuberculosis, the chief objection has been the supposed possibility of 
mistaking for tubercles the pseudotubercles resulting from the presence 
of mechanical foreign bodies or from organisms other than the bacillus 
tuberculosis But as Sewall 27 points out, there is no more reason for 
questioning the etiology of a histological tubercle m the tonsil than in 
the lung, liver or spleen, m which situations diagnoses made from 
sections alone are constantly being accepted We cannot, however, 
agree with him as to the relative infrequency of the foreign body 
pseudotubercle in the tonsil as indicated by his statement that in 1,544 
tonsils examined not one “foreign body giant cell” was found On 
the contrary, such giant cells occur with surprising frequency, but in 
them the provocative foreign body is usually to be found as a minute 
spicule, fiber or slender bristle, serving in itself to differentiate the cell 
as a true foreign body giant cell which, with whatever epithelioid or 
fibroblastic prolifeiation may accompany it, constitutes a foreign body 
pseudotubercle (Figs 1 and 2) The difference in refraction and the 
lack of staining usuallv render such foreign bodies very easy of detec- 
tion The calcareous deposits rarely occurring m the giant cells of 
true tubercles must be borne m mind in this connection lest one fall into 
the opposite error These concentric masses of lime salt, apparently 
first described by Gottstem, 23 are very striking when they occur m 
large numbers, and in no degree discredit a diagnosis of tuberculosis 
A possible source of error is found m the superficial resemblance 
between a confluent noncaseatmg tuberculosis and an active diffuse 
syphilis of the tonsil The differential diagnosis depends on the rela- 
tively avascular character of the former and the arrangement of the 
epithelioid cells m whorls about minute capillaries m the latter In 
confirmation of the diagnosis, specific staining for the organism may be 
carried out In our experience, the demonstration of the spirochete in 
the tonsil is attended with less difficulty than the demonstration of the 
tubercle bacillus . 


33 Austin, R S Bacillus Tuberculosis in the Tonsils of Children Clin- 
ically Nontuberculous, Am J Dis Child 18 IS (July) 1919 




Fig 1 — Photomicrograph of a foreign body pseudotubercle in the tonsil 
The foreign bodj shows several fine parallel striae as if composed of a bundle 
of fibrils, probably vegetable material, and is surrounded by foreign body giant 
cells Hemalum and eosin stain, Zeiss “B” objective, without ocular 



r*ifT 2 Photomicrograph of same foreign body pseudotubercle as in Figure 1 
Higher power to show detail of foreign bodj and giant cells Ze,ss “DD” 
objcctne, without ocular 
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THE INCIDENCE OF TONSIL TUBERCULOSIS 

The histologic examination of the material removed in 8,697 ton- 
sillectomies, including m practically all cases both faucial tonsils and m 
many cases both faucial tonsils and adenoids, showed active tubercu- 
losis in 204 instances, a case incidence of 2 35 per cent This falls 
within the limits established by other repoited series Taking only 
those reports which include 100 or more cases, unselected in respect to 
tuberculosis elsewhere in the body, and omitting several dealing with 
pharyngeal tonsils only, Table 1 may be constructed 

The aggiegate of these previous statistical studies gives a case 
incidence varying only 0 79 per cent from our own, although the 
individual results vary ovei a wide range 


TABLE 1 — Incidence: or Tonsil Tuberculosis 


/ 

Author 

Cases 

j Tuberculous 

Per Cent 

Albrechts- 4 

1,000 

3 

03 

Barnes 30 

150 

3 

20 

Crowe Watkins and RotlilioD 2 " 

1,000 

40 

4 (. 

Judd 37 

1,000 1 
200 

23' 

23 

Lew in 3 8 

0 

45 

Robertson 30 

232 

19 (?) 

SO 

Sew all 27 

772 

30 

39 

Willis 40 | 

10S 

9 

80 

i 

1,522 

142 

3 1 


* Usually quoted as given licrc, but the report is ambiguous as is shown by the following 
direct quotation “In our cases wo were seldom nble to traco back to the source of entrance 
Examinations of se\cral hundred tonsils showed tubercles in much less than 1 per cent In 
1,000 c ises, 2 3 per cent had positive tuberculous lesions ” 

In Table 2 the distribution of the entire senes of 8,697 cases as to 
age, sex and number of positive and negative cases foi each sex at 
each age is presented 

For purposes of comparison, however, and to avoid as fai as pos- 
sible the erroi of chance occuirence by increasing the size of the 
groups, these data will be condensed into five year age periods 

Of the 8,697 cases, there were 8,343 in which information regarding 
the sex of the patient was available Of 4,631 tonsillectomies in male 
patients, 103, or 2 23 per cent , were found to be tuberculous In 
3,712 female patients the tonsils gave histologic evidence of active 


34 Albrechts Quoted by Ravenel 33 

35 J A M A 66 613 (Feb 26) 1916 

36 Barnes, H A The Tonsils, C V Mosby, 1914, p 160 

37 Judd Treatment of Tuberculous Glands of the Neck, Ann Sure 52 
758, 1910 

38 Lewin Ueber Tuberculose der Rachenmandel, Arch f Larvneol u 
Rlunol 9 377, 1899 

39 Robertson, C M Certain Facts Concerning Faucial Tonsils TAMA 

47 1725, 1906 ’ J 

40 Willis, B C Inflammatory Pathology of the Tonsil, South M T 7 

747, 1914 J 
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T-\BLE 2 — Incidence of Tonsil Tuberculosis as to Age and Se\ 


TS 

Not cut n 










Fig 3 — Photomicrograph of a tonsil epithelioid tubercle containing a few 
lymphocytes in its central portion No caseation No giant cells Toluidm 
blue stain Zeiss “B” objective, without ocular 



Fig 4 —Photomicrograph of a tonsil epithelioid, giant cell and lymphocyte 
tubercle Very slight caseation Toluidm blue stain Zeiss “B” objective 
without ocular 











642 


ARCHIVES OF INTERNAL MEDICINE 


tuberculosis in ninety-six instances, or 2 59 pei cent There is, then, 
very little difference between the sexes m respect to the incidence of 
tonsil tuberculosis, but the slightly greater prevalence m females has 
constantly been present throughout the period covered by this investiga- 
tion The distribution of the cases of known age according to sex by 
fi\e year age periods, as presented in Table 3, shows, also, that at prac- 
tically all ages this greater incidence in females exists In one period 
only, ages 26 to 30, is this condition reversed, and in that instance the 
total number of cases is not so great but that the discrepancy may have 
the element of chance occurrence as its sole explanation The some- 
what greater incidence in females of all ages seems, at first glance, to 
be m contradiction to the general experience for tuberculosis as shown 
by mortality statistics 41 In the registration area, and for the year 
1917, deaths of females from tuberculosis were 9 9 per cent of the 


TABLE 3 — Incidence of Tonsil Tuberculosis as to Five Year Age Periods 




Males 



Pennies 

Sex Unknown 


Totals 


Age 



Per 



Per 





Per 

Periods 

Posi 

Nega- 

Cent 

Posi 

Nega- 

Cent 

Posi 

Nega 

Posi 

Nega 

Cent 


tive 

. 

tive 

Posi 

tive 

tive 

tive 

Posi 

tive 

tive 

tive 

tive 

tive 

Posi 

tive 

1 to 5 

2 

380 

0 53 

2 

269 

0 74 


8 

4 

657 

061 

G to 10 

14 

80S 

1 70 

16 

625 

2 56 


15 

30 

1,448 

2 07 

11 to 15 

10 

526 

1 87 

11 

609 

2 12 


8 

21 

1,043 

197 

1G to 20 

21 

021 

3 27 

21 

530 

3 81 


0 

42 

1,157 

350 

21 to 25 

13 

S05 

1 58 

15 

447 

3 25 


4 

28 

1,206 

218 

20 to SO 

12 

279 

4 15 

) 

238 

206 


3 

17 

518 

318 

31 to 35 

5 

170 

286 

4 

125 

3 10 


2 

9 

297 

2 94 

30 to 40 

2 

97 

2 02 

2 

79 

2 47 


1 

4 

177 

2 21 

Over 40 

2 

133 

1 48 

4 

146 

2 67 


1 

6 

280 

2 07 


total number of female deaths and deaths of males from tuberculosis 
were 10 6 per cent of the total number of male deaths However, the 
tonsil cases here considered fall very largely between the ages of 5 and 
24 years Comparing the tuberculosis mortality m these ages with the 
total mortality of the same period, it is found that female deaths from 
tuberculosis are 29 2 per cent of female deaths from all causes and 
male deaths from tuberculosis 20 9 per cent of male deaths from all 
causes Although it is not altogether safe to substitute mortality sta- 
tistics for moibidity statistics and to use the number dying at a given 
age as an index of the number living, it appears, nevertheless, that the 
greater incidence of tonsillar tuberculosis m females is but part of a 
general greater incidence of tuberculosis m females during that period 
of life at which tonsillectomy is most frequently performed 

The youngest cases of tonsillar tuberculosis were found at 2 years 
of age two in number, and the oldest case at 59 years The age inci- 
dence by five year periods is shown in the final column of Table 3 It 


41 Mortality Statistics, 1917, U S Bureau of Census, 1919 




Fig 5 — Photomicrograph showing confluent epithelioid tubercles beneath the 
mucosa of a crypt Lymph follicle uninvolved Hemalum and eosin stain 
Zeiss ‘ B,” without ocular Bellow’s length 150 cm 



Fig 6 Photomicrograph of caseating tuberculous lesion involving the 
mucosa of a tonsillar crypt Numerous small epithelioid tubercles beneath the 
area of caseation Toluidin blue stain Zeiss “B,” without ocular Bellow’s 
length 85 cm 
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shows an increased incidence after the years of infancy and early child- 
hood ha\ e passed When compared with similar statistics, compiled in 
1917 but Hitherto unpublished, 42 dealing with this series of cases up to 
that date, the effect of changes in the constitution of the population 
considered, is brought out At that time 4,543 tonsillectomies yielded 
138 cases of tuberculosis, a total incidence of slightly over 3 per cent 
A comparison of the fi\e year period age incidence at that time with 
that now obtained is possible m the parallel columns of Table 4 It will 
be noted that at the time of the earlier compilation the incidence was 
higher in each age group than at the present time and that this differ- 
ence was most marked in the very young and m those of adult years 
The explanation is probably to be found, in the first place, m the large 
number of children from certain state institutions who have been sent 
to the University Hospital for tonsillectomy The incidence of ton- 
sillar tuberculosis was high m this group (institutional infection) and 
these patients formed a much greater part of the entire series m the 


TABLE 4 — Five Year Age Period Incidence in 1917 and in 1920 


Age Period 

Per Cent Positive in 1917 

Per Cent Positive m 19’0 

lto 1 1 

1 4 

0 01 

6 to 10 

28 

2 07 

11 to 15 

2 5 

1 97 

10 to 20 

39 

3 50 

21 to 25 

28 

2 18 

20 to 30 

51 

318 

Over 30 

50 

2 46 


earlier than in the later years of the period considered In the second 
place, the material here considered reflects a changing viewpoint on the 
part of the otolaryngologist in that an increasing number of patients 
were operated in the later years in the hope of removing a primary 
chronic purulent focus These patients are more especially of adult 
years and in them the incidence of tonsillar tuberculosis is low The 
effect of this group has been to lower the incidence after the age of 
25, which had been brought to a high level by reason of the fact that in 
the earlier years tuberculosis of the cervical nodes or of the lungs was, 
m a greater proportion of cases, the reason for tonsillectomy m those 
past the age of excessive lymphoid hyperplasia 

The large number of medical students, interns and nurses who have 
had unsuspected tuberculosis of the tonsils has been an interesting 
feature of this investigation Von Scheibner 30 also noted the fre- 
quency of tonsil tuberculosis m nurses This phase of the incidence of 
tonsil tuberculosis cannot now be presented by a statistical method, 


42 Read at the meeting of the American Association of Pathologists and 
Bacteriologists, New York 1917 






Fig 7 — Photomicrograph of giant cell and epithelioid tubercles m and 
beneath the mucosa at the bottom of a crypt Hemalum and eos n stain Zeiss 
“B,” without ocular 



Fig 8 Photomicrograph showing submucous confluent epithelioid tubercles 
with some caseation Toluidm blue stain Zeiss “B ” without ocular 
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but the frequency in these groups has been striking, and can have no 
other explanation than that most of these cases represent a primary 
focal tuberculosis 

iiistopathology or tonsillar tuberculosis 

The histologic evidences of tuberculosis, as they are met with in the 
tonsil, differ in no respect from those found elsewhere in lymphade- 
noid tissue and require no descriptive characterization as far as their 
recognition is concerned (Figs 3 and 4) The distribution of the 
lesions, their location in respect to crypt epithelium and follicles and 
the various types of tuberculous processes, are the considerations of 
chief interest 

The tuberculous tonsil is diagnosed clinically but rarely Except in 
the very small percentage of cases showing extensive, ulcerative, lupus- 
like lesions these tonsils show nothing characteristic The tuberculous 


TABLE 5 — Distribution of Lesions Among Faucial 
and Pharyngeal Tonsils 


' 

One Faucial 

Tonsil 

i Other Faucial 

I Tonsil 

Pliarjngeal 

Tonsil J 

Number of 

Oases 

Positive 

Positive 

Positive 

o 

Positive 

Positive 

Not examined 

44 

Positive 

Positive 

Negative 

3 

Positive 

Not examined 

Positive 

0 

Positn e 1 

Negative 

Positive 1 

1 

Not examined 

Not examined 

Positive 

1 

Negative 

Negative 

Positive 

11 

Positn e 

Negative 

Not examined 

123 

Positive 

Negative 

Negative 

9 

Positiv e 

Not examined 

1 Not examined 

10 

Total number of cases 

204 


tonsil may be either hyperplastic or atrophic, prominent or buried As 
can be noted m the literature, the inexpert frequently interpret plugs of 
caseous debris, expressed from the mouths of the crypts, as gross 
ewdence of caseation necrosis due to tuberculosis In those cases in 
which clinical diagnoses of tonsil tuberculosis have been substantiated 
microscopically, the diagnoses have usually been based on the presence 
of tuberculous cervical nodes or of pulmonary lesions moderately well 
adianced, and not on anything manifest m the tonsils themselves 
The coincidence of tuberculosis in both faucial tonsils or m one or 
both faucial tonsils and pharyngeal tonsil is shown in Table 5 From 
this table it will be seen that of the 1S2 positive cases, m which both 
faucial tonsils could be examined, 133 showed unilateral lesions as 
compared to forty-nine with bilateral involvement Of twenty-six 
positive cases, in which all three tonsils (two faucial and pharyngeal) 
vere examined, the lesions were triple in two cases, double m four 
cases and single m twenty cases These twenty cases consisted of 
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e’c\en cases of tuberculosis of adenoids only, and nine cases of tuber- 
culosis of one faucial tonsil only 

The extent of the tuberculous process was gaged by recording 
the number of tubercles as “many,” “few,” or “solitary ’ As measured 
by this rough scale, 120 cases showed an extensive involvement, fifty- 
tin ee cases few tubercles only, and thirty-one cases but a single 
tubercle 

The most common histologic type of tonsil tubercle is the epi- 
thelioid tubeicle, with or without giant cells (Figs 5 and 6) Not 
infrequently numerous very large giant cells occur Caseation occurs 
proportionately less fiequently than m tuberculosis of the lungs and 
bionchial nodes Of the 204 positive cases, only thirty-five showed 
caseation worthy of note and these were chiefly cases m which the 
tubercles were sufficiently numerous to be confluent 

The distribution of the lesions within the tonsil is a matter of the 
greatest importance Three types may be recognized, and these may 
occur either alone, or in combination with each other The first, and 
most common, is that which may be termed the crypt infection, a 
manner of distribution which was clearly present in more than 60 per 
cent of our cases The actual incidence of this type is undoubtedly 
much higher than can be demonstrated, due to the fact that those rami- 
fications of the ciypts which occur m the third dimension cannot be 
appreciated, except by methods of reconstruction from serial sections 
In the crypt infection, the tubercles tend to be submucous in position 
and are confined to the area of one or more crypts (Figs 7, 8, 9, 10, 
11, 15, 17, 18, 19, 20) These crypt areas are often surprisingly 
extensne One-fourth or one-third of a tonsil may be tuberculous, 
and yet a careful tracing of the crypts m that area will show that they 
have a common mouth The slitlike character of the crypts likewise 
increases the apparent extent of the area involved from a single crypt, 
for the lateral extensions are rarely borne m mind The more impor- 
tant connectne tissue septums serve to define the areas of individual 
or closely related crypts and groups of lesions bounded by such septa 
may be assumed to have a common origin In this type of tonsillar 
tuberculosis the lymph follicles are involved not at all or only late in 
the process and the lesions are very frequently unilateral 

As by far the most common type of tonsil tuberculosis the “crypt 
infection ' with its localized lesions, sub-mucous tubercles and usual 
failure to imohe the lymph follicles, has been the form described by 
most authors Piffl 10 noted the submucous position of the tubercles 
m adenoid tuberculosis Robertson 30 designated three or four crypts, 
emptying into the supratonsillar fos c a as “the infecting crypts of the 
tonsil Mitchell - s found that tuberculous lesions occurred in three 




Fig 11 — Photomicrograph showing extensive tonsillar tuberculosis Crjpt 
infection type Lymph follicles remain unimohed Hemalum and eosin stain 
Zeiss objectne “B," no ocular, bellow’s length, 150 cm 



r P J,otom,cr °g ra Ph showing epithelioid miliary tubercles m lymph 

follicle of tonsil Diffuse miliary tonsillar tuberculosis ' Toluidin blue stain 
Zeiss objective “B no ocular 










F lg 13— Photomicrograph showing epithelioid miliary tubercles in lymph 
follicle of tonsil Diffuse miliary tonsillar tuberculosis Toluidin blue stain 
Zeiss objectne “B ” no ocular 



Tic 14 — Photomicrograph showing epithelioid miliary tubercle in germ cen- 
ter of follicle Note formation of tubercle about wall of arteriole of the fol- 
licle Diffuse hematogenous miliary tuberculosis Toluidin blue stain Zeiss 
DD, no ocular 




Fig IS — Right and left tonsils from Case 1294-U Tracings of \ertical 
sections made by direct projection through 48 mm objective Solid black indi- 
cates areas of tuberculosis, the open circles, the more prominent follicles 
Tuberculosis confined to a single crypt area of one tonsil onlj Crypt infection, 
limited bj septum Follicles not imohed 



Fig 16— Tracings of right and left tonsils of Case 3832-U The tubercles 
are shown m solid black and are found to be nearly uniformly distributed 
throughout both tonsils Their location is not determined by crypts or septa 
and many are found m follicles Hematogenous miliary tuberculosis 
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situations surrounding the deeper parts of the crypts, especially the 
supratonsillar group, immediately under the mucous membrane near 
the mouths of the crypts , and deep in the tonsil, close to the posterior 
capsule At the bottom of the crypts, near the capsular surface, was 
the most common location as found by Crowe, Watkins and Rothholz 20 
The second group of cases includes those which are recognized as 
tuberculous by their gross appearances — the ulcerative lupuslike lesions 
These result from extensive, coalescing, multiple crypt infections such 
as may be found m the massive auto-infections of the tonsil m some 
open cases of pulmonary tuberculosis, or from involvement of the 
tonsil m an ulcerative tuberculosis of mouth or pharynx 



Fig 17 — Tracing showing areas of tuberculosis (solid black), crypt sys- 
tems and prominent follicles in one tonsil of Case 583-P A crypt infection 
Other tonsil not involved 

The third type of tonsil tuberculosis is one which has not, to our 
knowledge, been described previously, and the significance of which has 
not hitherto been established In this form, the lesions are usually 
bilateral, are widely scattered throughout the tonsil rather than grouped 
in crypt areas, and characteristically involve the lymph follicles and 
even the germ centers of the follicles (Figs 12, 13, 14, 16) It is, 
therefore, in these three particulars, m sharp contrast to the form 
described in the first group The occurrence of tubercles within the 
germ centers gives a picture strikingly unlike the usual tonsillar tuber- 
culosis Cases are met with in which the tubercles, even though very 
numerous throughout the sections, are found in no other location 
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Observations of tubercles so situated have been recorded occasionally 
m the literature Pluder and Fischei 13 found in one of their cases of 
adenoid tubeiculosis that the tubercles weie situated partly within and 
partly between the follicles In one of his cases, also, Ruge 43 described 
the tubercles as occuinng singly and chiefly within the follicles In 
Gottstem’s 23 Case 3 almost the entire section of pharyngeal tonsil was 
involved and there weie numerous tubercles in the follicles In his 
Case 5 there were tubercles in the follicles of both adenoids and tonsils, 
and m Case 6 some follicles contained small tubercles with giant cells 
These authors, however, do not consider these cases as belonging to a 
distinct group 



Fig 18— A sharply localized crypt infection m one tonsil of Case 639-0 
Other tonsil free 

We have had sixteen cases of tonsil tuberculosis with the tubercles 
occurring chiefly or exclusively in the germ centers Of these, nine 
showed bilateral lesions and of the other seven, there were three in 
which only a single follicle was involved, and hence the unilateral 
character was without significance There were only two instances in 
which the pharyngeal tonsil was also examined In one of these, all 
three tonsils showed a dififuse folhculai distribution while the other 
case was one of those m which one follicle only was involved 
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It is our belief that an important clinical significance attaches to the 
recognition of the type of tonsil tuberculosis The “crypt area” infec- 
tions, submucous, usually unilateral and involving the follicles very 
late, if at all, are focal processes, infections from without, either 
primary or automfections The scattered lesions, usually bilateral and 
occurring chiefly m the follicles, are the result of a hematogenous dis- 
semination of tubercle bacilli When this is borne m mind, it will he 
seen that many mixed cases will occur These should be found particu- 
larly in those patients who have advanced pulmonary tuberculosis with 



Fig 19 — Case 1495-V Tonsillar tuberculosis involving one tonsil only 
On casual examination lesions might seem to be quite widely scattered, but the 
tracing shorts that they are confined to a single crypt area They do not involve 
the follicles 

sputum rich in organisms, and who suffer at the same time from gen- 
eral miliary dissemination This is found to hold’ true m cases of 
tonsillar tuberculosis which we have studied postmortem (a class of 
material not included m the statistical analysis given here) Tonsils 
trom such patients usually show one or more definite areas of crypt 
infection and a miliarj tuberculosis of the follicles comparable m degree 
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to the miliary dissemination m other organs, such as liver, spleen and 
kidneys These points will receive further consideration in the general 
discussion which follows 

DISCUSSION 

It is not within the scope of this paper to attempt to make a case by 
case comparison of the histopathologic changes m the tonsil with the 
clinical data There are, howevei , certain clinical considerations which 
must be given further explanation 

It has already been pointed out that from the limitations of the 
method employed, the incidence of tonsil tuberculosis, here shown to 



Fig 20 — Case 1500-S Tracing showing in solid black the distribution of 
tubercles in a case with apparently multiple crypt infections Follicles (open 
circles) are not involved m the tuberculous process 

be 2 35 per cent , is of necessity lower than the actual incidence by an 
unknown amount It must be emphasized, also, that this incidence is 
one of active lesions only Hyalin scars, areas of fibrosis, more or less 
rounded in outline and poor in blood vessels, are frequently met with 
m tonsils showing no active lesions It is probable that most of these 
areas are healed or healing tubercles They cannot be differentiated 
from the older tubercles in tonsils showing miliary tubercles of all ages 
It is our opinion that with all the healed lesions included and all por- 
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tions of the tonsil systematically examined, tonsillar tuberculosis would 
be found to be as universal as is pleural and pulmonary tuberculosis 
The solitary tubercles, occurrence of which, in an active stage, was 
noted in thirty-one of our 204 cases, m general have no further signifi- 
cance than that they are a part of this universal infection, their dis- 
co\ery being purely accidental In some instances they may indicate 
the dissemination of a limited number of bacilli with the production of 
but few miliary tubercles 

The preponderance of epithelioid and giant cell tubercles over 
caseating lesions m tonsillar tuberculosis suggests that the type of the 
infecting organism is not infrequently one of only moderate virulence 
The histologic character of the lesions, determined by the balance 
between the necrosing agent and the reparative activity of the tissues, 
m many cases points to the bovine rather than the human type of 
tubercle bacillus as the infecting agent Judgment on this point is of 
necessity unceitam and cannot go much beyond a general impression, 
but the results of bacteriological examination of tuberculous tonsils and 
cerwcal nodes piove of interest in this connection Mitchell 22 iden- 
tified the strain in twenty-six cases of tonsil tuberculosis m children 
and found twenty to be bovine and six human In seventy-two con- 
secutive cases of tuberculous cervical nodes the same author 28 found 
sixty-fit e bovine and seven human Park and Krumwiede 43a found 
the same preponderance of the bovine strain m cervical node tuber- 
culosis m voung children while in older children the human strain 
became the more common Under 5 years, they found six human and 
\wehe bovine, between 5 and 16 years, nineteen human and eight 
bovine, 16 }ears and over, nine human, no bovine In a large series of 
tuberculous cervical nodes, Griffith 44 found the proportion of bovine 
infection to decrease regularly from 85 7 per cent under 5 years of age 
to 19 0 per cent at 20 years and over It seems reasonable, therefore, 
to attribute the relative freedom from caseation to the bovine strain of 
organism as the more common invader, particularly m the tonsils of 
\ oung children 

The crypt infection type of tonsillar tuberculosis can be explained 
only on the basis of the entrance of the infection from the mucosal side 
and not by the hematogenous or lymphogenous routes The char- 
acteristic unilateral, or better, monotonsillar, involvement, the limited 
localization of the process within the aftected tonsil, the frequent sub- 

-43 Ruge Die Tuberculose der Tonsillen vom klmischen Standpunkte, Arch 
f path Anat u Plnsiol 144 431, 1896 

43a Park and Krumwiede The Relatne Importance of the Bo\me and 
Human Tjpes of Tubercle Bacilli in the Different Forms of Human Tubercu- 
losis, J M Research 23 205, 1910 

44 Griffith, S Tjpes of tubercle Bacilli in Cervical and Axillary Gland 
Tuberculosis Lancet 1 216 1917 
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mucous position of the tubeicles and the avoidance of the follicles all 
point to mucosal infection This may, of course, be eithei a primary 
infection 01 a secondary, that is, automfection We can be certain that 
both occui m oui senes Those cases m which the crypt infection is 
not monotonsillar, but double or tuple, aie usually, but not necessarily, 
cases of automfection and should be examined caiefully for open 
lesions elsewheie m the lespnatoiy tiact A majonty of the mono- 
tonsillar and some of the double and triple ciypt infections are primary 
tonsil tubeiculosis These are the patients who show no evidence of 
active tuberculosis elsewheie in the body and in then subsequent history 
often show no evolution of the disease It must be emphasized that 
the absence of clinical evidence of active tubeiculosis elsewhere in the 
body would have little value if we had not pi e\ lously established the 
fact that the type of infection of which we aie now speaking comes 
thiough the mucosa It lequires an open lesion foi the crypt type of 
auto-infection and clinical evidence should be forthcoming eithei befoie 
or aftei the occui rence of tonsillar invasion The monotonsillar crypt 
infection has been very common in nuises, interns and upper class 
medical students Many of these cases have been followed up and 
have shown no further lesions We are convinced that most of these 
cases aie examples of pumaiy focal tonsil tuberculosis The infectious 
material is either inspned 01 ingested Expeumental evidence of the 
possibility of tonsillai infection in this manner is abundant Feeding 
experiments with infected material, such as weie earned out by Orth , 4 
Baumgarten 43 and others, and the infusion of lamp black into the 
pharynx by Hendelsohn 10 and injection of caimin into the tonsillar 
crypts by Goodale 47 have all shown that both living oiganisms and 
inert particles present m the phaiynx and tonsillar ciypts pass into the 
tonsil with ease 

On the other hand, the third type of tonsil tubeiculosis, the diffuse 
follicular miliary tubeiculosis, m all of its characteristics points to a 
hematogenous origin, the teimmals of the follicular aiterioles being 
the seat of lodgment of the bacilli If this process weie frequently 
unilateral, a retrograde lymphogenous metastasis from the cervical 
nodes might be considered, especially in view of the woik of Blum 48 
who reported that both inert substances and living oiganisms injected 
into the cervical nodes of guinea-pigs were subsequently found in the 

45 Baumgarten Ueber die Uebertragbarkeit der Tubercuiose durcli die 
Nahrung, Centralbl f khn Med 5 25, 1884 

46 Hendelsohn Ueber das Verhalten des Mandelgewebes gegen aufge- 
blasene pulverformige Substanzen, Arch f Laryngol u Rhmol 8 476, 1898 

47 Goodale Absorption von Fremdkorpern durcli die Gaumentonsillen 
Arch f Laryngol 7 90, 1898 

48 Blum S Tonsils Excretory Organs for Cervical G’ands Preliminary 

Report, Arch Pediat 32 837, 1915 y 
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tonsils and m the oral cavity Such a retrograde metastasis in the 
slow ly moving lymph stream, subjected to the irregular pressures pro- 
duced by the contraction of nearby muscles, is to be expected But the 
type of tonsil tuberculosis m which the tubercles occur chiefly m the 
follicles is usually bilateral and frequently universal in its involvement 
of the tonsils The work of Goodale 47 and of Hendelsohn 46 has an 
application here not anticipated by those investigators The former 
found that caimin particles injected into the tonsillar crypts pene- 
trated all other portions of the tonsil more promptly than the follicles 
In tonsils removed up to two hours after injection none was found m 
the interior of the follicles Even at five and ten days, although the 
interfollicular lymph spaces contain much carmm the interior of the 
follicles showed none and there was but little in the neighborhood of 
the germ centers Hendelsohn 40 found that only with more intense 
applications of dust to the tonsil were any particles found within the 
follicles and he notes the analogy between his observation and that of 
Arnold 49 who found that the follicles and germ centers of lymph 
nodes remain relatively free even when the interfollicular tissue is 
loaded with dust 

It is not within the scope of this paper to enter at length into a 
discussion of the relationship of tonsillar to cervical gland and pul- 
monary tuberculosis Our cases include many m which cervical nodes 
weie examined histologically after the tonsils were found to be tuber- 
culous In some of these the nodes were also found to be tuberculous 
In other cases, extensive tonsillar tuberculosis was unaccompanied by 
cervical gland lesions The converse was even more frequently noted, 
the tonsils from patients with extensive cervical node lesions failing 
to show any lesions Nevertheless, the tonsil must be considered the 
most important portal of entrance in cervical gland tuberculosis 
The relationship to pleural and pulmonary tuberculosis is even more 
difficult to analyze The work of Grober 24 in tracing carbon particles 
injected into the tonsils to the pleura and pleural space by way of the 
cenical lymphatics is much quoted Van Zwaluwenburg and Grab- 
field ' ,0 find that patients with tonsillar tuberculosis almost invariably 
show, m stereograms of the thorax, changes m the apical pleura which 
they beheie are due to tuberculosis However, we have failed to find 
tuberculosis m the tonsils removed from a number of such cases 

From the pathologist’s standpoint an incidence of active tonsillar 
tuberculosis of more than 2 35 per cent should not, m itself, be consid- 

49 Arnold Untersuchungen uber Staubinhalation und Staubmetastase, 
Leipzig 1885 

50 tan Zwaluwenburg and Grabfield Papers now in press, to appear in 
American Review of Tuberculosis, 1921 and to which I am permitted to refer 
through the kindness of the senior author 
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ered an argument for tonsillectomy The facts heie presented, how- 
ever, do lead to the belief that it is advisable to lemove the tonsils m 
cases of known ceivical nodes or pulmonary tuberculosis m the hope of 
lemoving an active focus of dissemination 

CONCLUSIONS 

1 The systematic seaich of a limited number of microscopic sec- 
tions, so oriented as to show m each the entne surface of a vertically 
bisected tonsil, is the only piacticable routine method for detecting 
tonsil tuberculosis 

2 The incidence of active tonsil tuberculosis m a series of 8,697 
consecutiv e cases was found to be 2 35 per cent This minimum figure 
would have been mci eased by an unknown, but probably small, amount 
if it had been possible to examine all portions of each tonsil 

3 The incidence m lespect to sex shows tonsil tuberculosis to be 
slightly moie common in females than in males at practically all ages 

4 In the senes of 204 positive cases beie reported, the range of 
ages was from 2 to 59 years The incidence in various age groups 
depends largely on the character of the population from which the 
material is derived, the incidence being particularly high in institutions 
for the care of children and among medical students, interns and 
nurses 

5 Tonsil tubeiculosis may be divided into three types focal crypt 
infections, ulcerative lupus-like lesions, and diffuse miliaiy 
tuberculosis 

6 The crypt infection is the most common type, is usually unilat- 
eral, involves one or more ciypt areas only and avoids the lymph 
follicles Some of these cases aie automfections in open lespiratory 
tract tuberculosis but the majority must be considered cases of primal y 
focal tonsil tubeiculosis 

7 The ulcerative lupus-like lesions lesult from the coalescence of 
crypt infections at the mouths of crypts or from direct extension from 
neighboring sui faces 

8 The diffuse miliary tubeiculosis is usually a bilateral or, if the 
pharyngeal tonsil is examined, a universal tonsil lesion The tubercles 
are widely scattered and occur almost exclusively in the follicles and 
germ centers This type can best be explained as a hematogenous 
miliary dissemination 

9 Mixed types occur, as in patients with open pulmonary tubei- 
culosis, in which automfection may be associated with hematogenous 
miliary tuberculosis giving a combination of ciypt infections with 
diffuse miliary tubercles 51 

51 The following references will also be found to have bearing on the sub- 
ject of tonsil tuberculosis 
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FATAL CHRONIC NEPHRITIS IN A FOURTEEN 
YEAR OLD GIRL WITH ONLY ONE KIDNEY 
AND A HISTORY OF SCARLET FEVER * 

O H PERRY PEPPER, MD \xd BALDWIN LUCRE, MD 

PHILADrLPHI 

The recognition of the factors which m a given individual have led 
to the de\elopment of chionic nephritis, is both difficult and important 
The whole problem of the etiology of chronic nephritis is inherently 
confused by the variety of possible contributing causes and by the long 
mtenal which usually intervenes before the symptomatic stage of the 
disease appears For this reason cases which seem to present new 
aspects of this problem deserve to be studied careful’y and recorded, 
e\en though alone they do not justify far reaching conclusions Such 
a case is the basis of this report In this instance two distinct etiologic 
factors are present , the renal anomaly and the occurrence of a severe 
attack of scarlet fe\er Death resulted apparently as a direct result of 
one or both of these factors at a sufficiently early age to exclude the 
action of many of the contributing causes of chronic nephritis which 
complicate the study of adult cases This fact makes the study of this 
case of peculiar interest, and especially as the clinical picture was 
identical with that of the chronic nephritis of adult life 

The question of the influence that the aplasia of one kidney may 
ha\ e on the functional capacity and susceptibility to disease of the other 
kidney has recened some attention, likewise the broader question of 
the influence of any renal anomaly on renal function Thus Babes , 1 
Anders 2 and Coplm , 3 have each presented evidence on different aspects 
of this subject, which will be referred to later A number of case 
reports also are available but none presents the same points of interest 
as the case which is the basis of this paper Concerning scarlet fever 
as a possible cause of chronic nephritis, the literature is extensive but 
inconclusn e 


*From the Medical Clinic of the Hospital of the University of Pennsyl- 
vania, and the McManes Laboratory of Pathology of the University of 
Pennsylvania 

1 Babes, V La nephrite hypogenetique, Semaine med 25 63 (Feb 8) 1905 

2 Anders, J M Congenital Single Kidney, Am J M Sc 139 313 (March) 
1910 

3 Coplin, W M L Unilateral Renal Hjpoplasia and Dysplasia Due to 
Defective Arteriogenests , Relation to So-Called Hypogenet.c Nephritis Am 
J M Sc 153 381 (March) 1917 
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REPORT Or CASE 

F M B , aged 14, admitted to the Hospital of the University of Pennsjl- 
\ania on the service of Prof Alfred Stengel, March 8, 1920 

Previous History — The gill’s family gave the history that she had never 
been strong since an attack of scarlet fever at the age of 7 This attack was 
severe but no history of kidney involvement or edema could be elicited Since 
the scarlet fever she had had occasional attacks of belching and vomiting which 
were more severe for the past twm months Jan 15, 1920, a little less than 
two months before admission, she had an attack of marked blurring of vision 
and loss of powder in her left arm and both legs Touch sensation was said 
to have been abolished, and there was some difficulty with speech and swallow- 
ing Within twenty-four hours the difficulty with speech had disappeared, 
three days later her sight cleared up, and within two weeks the power m the 
limbs had returned About two weeks before admission she had an acute 
attack ushered in by profuse vomiting, which was diagnosed as “grippe” 



Fig 1 — The right (single) kidney of the patient The organ weighs 65 gm 
is much deformed, and very sclerotic Note the tumor-like projections at 
either end of the upper border , there are adenomatous-like masses of newh 
formed renal tubules 

Her menses first appeared at the age of 12 and at first were exceedingly 
free , later they became less so but w'ere accompanied each month by bleeding 
from the nose The epistaxis sometimes occurred during the interval between 
the periods as well The last menstrual bleeding commenced February 28, 
nine dais before admission and continued until admission Nosebleed appeared 
w ith the menses as usual and March 4 became so profuse as to require pack- 
ing The nose w>as repacked March 6 March 7 the gums began to bleed freely 
She w as admitted March 8 in a very much weakened state The previous medi- 
cal histon includes in addition to the scarlet fever, pneumonia at the age of 2, 
t\ phoid fever at the age of 3, and mumps at the age of 4 The social and 
famih histon is negative 
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Physical Examination —The patient was an acutely ill young girl who did 
not look her stated age She was pallid, pasty and puffy , eye grounds normal, 
except for slight clouding of disk margins The breath had a markedly urinous 
odor Nares showed evidence of recent epistaxis The lips were crusted with 
blood, and the gums bled at the slightest touch The lungs were negative The 
heart was negative, except for accentuated second sounds at the base Blood 
pressure systolic, 148 , diastolic, 132 Abdomen negative No peripheral edema 
Reflexes all present 

Laboiatoiy Examinations — Urine (catheterized) clear, lemon color, sp gr, 
1 008 , albumin, faint trace , sugar, negative Microscopic Casts, negative , 
cyhndroids, negative, erythrocytes, few to each high power field, leukocytes, 
from 4 to 6 to each high power field 

Blood Red blood cells, 2,270,000 , white blood cells, 5,300 , hemoglobin, 50 
pet cent , platelets, 220,800 Differential count of white cells normal Blood 



Fig 2 — A retracted, dense, wedge shaped portion of the renal cortex with 
the thickened capsule This area contains massed glomeruli, many of which 
are much enlarged and possess greatly thickened Bowman’s capsules , between 
the glomeruli lies a richly cellular scar tissue On either side of this dense 
region are granulations made up chiefly of newly formed tubules (X23) 

urea nitrogen 210 mg per 100 cc Blood plasma carbon dioxid 29 volumes 
per cent 

The following day the blood pressure was systolic, 140, diastolic, 105 
There was little change in her condition 

March 11 Some tremor of left eyelid and convulsive movements of left 
hand were noted Urine showed little change Blood pressure systolic 120, 
diastolic, 60 

Phenolsulphonephthalem test no elimination of dve m two hours 

Blood urea nitrogen 228 mg per 100 c c 

Blood plasma carbon dioxid 50 volumes pei cent 
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Blood count Red blood cells, 2,250,000, white blood cells, 13,400, hemo- 
globin, 36 per cent Differential Neutrophils, 88 per cent , small lymphoc\tes, 
8 per cent , large lymphocytes, 2 per cent , transitionals, 2 per cent 

March 12 Patient steadily grew worse and died Throughout her course 
there was a little fever, the pulse rate and respiratory rate were variable and 
above normal 

PATHOIOGIC REPORT 

Since only the renal condition has any healing on this study the protocol 
is summarized as follows 

Ncciopsy Piotocol (6435) — Anatomic diagnosis early general arterioscle- 
rosis, slight congestion and edema of lungs, slight fibrosis of spleen, sub- 
mucous hemorrhages of intestines, cloudy swelling of liver, slight cardiac 
hypertrophy (230 gm , body weight, 55 kg) Aplasia of left kidney and its 
ureter Histologic study of tissue removed from the usual site of the left 



Fig 3 — Thickly massed, more or less hyalimzed glomeruli are surrounded 
hj small round cells (lymphocytes) and richly cellular connective tissues 
Tubules are practically absent (X 50 ) 

hidne\ did not disclose any kidney anlage Microscopic examination of the 
various organs confirmed the gross diagnosis 

Right Kidney The right kidney weighs 65 gm , measures 7 by 4 5 by 3 cm 
and has a somewhat trapezoid shape (Fig 1) The organ is very tough, its 
capsule adheres firmly to the pale reddish-gray, very irregular surface Sev- 
eral paler coarse, tumor-hke knobs project from 5 to 8 mm above the general 
surface, especiallv near the convexity of the organ Between these masses the 
surface appears finely granular and depressed The capsule is much more 
adherent to the depressed than to the projected regions, the consistency of 
the latter is but little greater than normal kidney substance, while the mter- 
' enmg tissue is very firm The cut surface is even, the projecting nodules 
seem to be somewhat altered renal lobules, for a thin cortical zone, which 
aieragcs 2 mm, can be more or less well distinguished from the medulla The 
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detailed aichitecture, however, is disturbed, for while here and there glomeruli 
and cortical striations stand out prominently they cannot be recognized m 
other portions In the depressed areas the corticomedullary differentiation is 
generally lost In the outer region the tissue has a pale gray appearance with 
here and there some reddish dots and lines The cut vessels appear slightly 
stiffened, the medullary striations are very indistinct The pelvic mucosa is 
pale and appears somewhat thickened The ureter appears grossly normal The 
renal artery is somewhaf stiffened, and near its origin the intuna shows yel- 
lowish, slightly raised patches The urinary bladder contains only one ureteral 
opening 

Sections of the kidney weie fixed in Orth’s fluid and in 5 per cent liquor 
formaldehyd Paraffin sections were stained with eosin-hematoxylin, by Van 
Giesen’s method, and with Weigert’s elastica stain 



Fig 4 — The glomeruli are almost entnely fibrosed or hyalinized In some 
nuclear remnants may still be seen The degenerated tufts are usually fused 
with the thickened and hyalinized capsules (X 165 ) 

Mici oscopic Dcscnption — The general architecture is so greatly altered that 
m many regions the tissue bears no resemblance to renpl substance The cor- 
tical outline is coars 1, uneven, irregular, richly cellular patches of scar tissue, 
many with hyahnized glomeruli, alternate with islands or projections of widely 
dilated tubules, while elsewhere a more diffuse connective overgrowth sur- 
rounds variously altered tubules and glomeruli The capsule is thickened 
from two to six times its average width, and has a lamellar arrangement It 
consists of fibrillar, partly hyalinized connective tissue in which fairly numer- 
ous thin walled dilated blood vessels aie found The thicker portions of the 
capsule occur at points wheie the cortical periphery is retracted, the thinner 
portions cover cortical granulations The cortical periphery is irregular and 
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ua\\ shallow retractions alternating with projections Broad wedges or thin 
streak} patches extend from the indented cortex to within the medullary region 
(Fig 2) These areas are made up of densely packed small, round cells, which 
ha\e a deep staining, compact nucleus and very little cytoplasm, and which 
correspond to cells of the lymphocyte series Within such cellular masses 
there are thickly massed more or less destroyed glomeruli, many collapsed and 
atrophic tubules, and occasional normal sized or dilated tubules Besides the 
1\ mphatic cells slightly larger elements with somewhat elongated nuclei occur , 
these are young connective tissue cells (Fig 3) The supporting fibrous tis- 
sue is difficult to see here because of the close, cellular grouping, but is ren- 
dered ver} prominent with Van Gieson’s stain The thickly massed glomeruli 
are generally of normal size, sharply circumscribed and almost entirely fibrosed 
or hyahnized 

Many, however, still retain some structural details Each of these glomeruli 
usually possesses a small, collapsed, bloodless tuft, adherent to an enormously 
thickened capsule The capsules invariably are partly or wholly hyahnized, 



Fig 5 Two adenomatous-like projections composed of new'ly formed 
tubules Note the large size and irregular shape of the tubules (X23) 

and either possess no cellular lining or their epithelium is flattened, or occa- 
sional swollen cells are present Proliferation of the lining epithelium is 
nowhere found (this does not exclude the possibility of such having occurred 
at a former period) (Fig 4) Many vasae afferentiae and vasa efferentiae lie 
in the neighborhood of the glomerular colonies These vessels present prac- 
tical!} always a moderate but distinct thickening and hyahnization of the sub- 
endothelial intima Splitting of the internal elastica and increase of elastic 
fibers is usuall} well brought out with Weigert’s stain In no instance, how- 
e\er, is there am decided narrowing of the vascular lumen The entire region 
has a poor capillar} blood suppl} , the vessels are nowhere engorged, many 
are collapsed and difficult to recognize Normal tubules are absent in the 
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cellular regions Those present are often widely separated from their neigh- 
bors by the cellular connective tissue and the lymphatic elements They often 
are shrunken and collapsed, and can only be recognized because of their 
paler and larger nuclei Sometimes they possess peculiar deep staining lining 
cells, and occasionally an indistinct mitotic figure is encountered Most of 
the tubules are filled with a smooth eosm-staming hyalin material In the outer 
zone of the medulla the straight tubules are embedded in the same fibrocellular 
proliferation and infiltration, they likewise are completely filled with hyalin 
material 

The cortical projections consist of tubular masses, having a peculiar struc- 
ture These projections are often round or oval and more or less isolated by 
dense fibrocellular tissue Such tubular groups bear considerable resemblance 
to an adenoma (Fig 5) This is due to the bizarre structure of the component 
tubules which are often of great size, branched, serpentine shaped, or show 



Fig 6 — Greatly dilated, bizarre shaped tubules containing granular debris 
Glomeruli are absent m this region (X70) 

infolding of the lining epithelium (Fig 6) But few have normal oval or 
round shape The lining is likewise unlike that of any portion of the normal 
tubules The cells are generally large, cuboidal or low columnar, possessing 
eosm-stainmg cytoplasm and prominent basal nuclei (Fig 7) The cellular 
outline is nowhere very sharp, but is better defined than that of the normal 
convoluted tubules, but not as clear as in the normal collecting tubules The 
cells are generally well preserved, but with Van Giesen’s stain fine hyalin-like 
droplets may be seen in many 

Some tubules possess a very different lining, the cells are usually somewhat 
smaller, the cytoplasm has a faint bluish tint, the nuclei are large and take 
a deep stain In other tubules syncytial cell masses are seen, and now and 
then a mitotic figure The wide tubular lumen usually contains some eosm 
staining debris, much of which is in the form of round droplets of somewhat 
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larger size and paler color than erythrocytes The mtertubular connective tis- 
sue is quite distinct and more or less cellular Many of the infolded tubules 
n Inch possess syncytial cell linings roughly resemble fetal glomeruli Indeed 
most of the tubules appear more like fetal than adult structures Very few 
glomeruli are present in the tubular knobs Smaller groups of similar tubules 
are scattered here and there throughout the scar tissue 

Adjacent and subjacent to the richlj cellular patches and the adenoma- 
like tubular projections and foci described, the rest of the renal tissue is 
seen to be likewise greatly altered (Fig 8) The intertubular connective 
tissue is irregularly and considerably increased, its character being partly 
adult, partly young and fibroblastic The tubules are either collapsed or dilated 
or of the same bizarre makeup as detailed above Normal tubules are nowhere 
seen Regenerative features here as elsewhere are common, thus one finds 
fetal types of newly formed branching tubules , relined old tubules with promi- 



Fig 7 — Newly formed, morphologically and functionally insufficient tubules, 
lined with cuboidal or low columnar cells, which are poorly differentiated The 
tubular lumina contain round eosm staining hyalin bodies (X 165 ) 

nentlj staining cells and occasional mitotic figures, or hypertrophic tubules 
The glomeruli are few in number but of enormous size Many have a diameter 
up to 370 microns (Fig 9) Their capsules are always somewhat thickened, 
the capsular endothelium is generally flattened or at most slightly swollen, 
proliferation of the epithelium is nowhere seen (Fig 10) The glomerular 
tufts are richly nuclear, the nuclei seemingly being of endothelial type, although 
this cannot be determined definitely Many capillary loops appear collapsed, 
others are moderately engorged On the whole, the glomerular loops con- 
tain less blood than normally No foreign cells are seen within the capillaries 
The medulla appears quite as much involved as the cortex The tissue is 
e\erj where fibrosed, the tjpe of connective tissue proliferation being the same 
as m the cortex Ljmpliocjtic cells are plentiful in some areas while else- 
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where denser connectne tissue separates dilated or collapsed tubules No 
tubules possess a lining resembling that of normal collecting tubules Many 
ha\e lost their lining cells and are filled with granular or cellular debris 

When we sum up the anatomic alterations m this case we find that 
we deal here (a) with an aplasia of one kidney, and (b) with a greatly 
seal red and atiophic remaining kidney, which histologically answers to 
the desci iption of “genuine” contracted kidney (true chronic intei stitial 
nephritis) Since the teimmology of renal disease is so involved it 
may he well to state that we aie in accoid with Aschoff’s 4 conception 



Fig 8 — A deeper portion of the cortex showing a \ery dense fibrocellular 
region adjacent to dilated, hypertrophic tubules, many of which are newly 
formed, and small collapsed tubules (About X 50 ) 

of this type of nephritis A comparison of our photographs with Fig- 
ure 329 m the second volume of his fourth edition will illustrate rathei 
bettei than woids the striking similarity 

The remarkable degree of regeneration m this kidney must be 
emphasized Practically all the tubules are either relmed, or entirely 
refoimed Such new formed tubules aie quite commonly found in 
focal disease of the kidney, they are morphologically and functionally 


4 Aschoff, L Pathologische Anatomie, Ed 4, G Fischer, Jena, 1919 




Fig 9 — Remarkable sized richly nuclear glomerulus, surrounded by bizarre 
shaped dilated tubules (X 165 ) 



Fig 10 Two enormous glomeruli are shown One is richly cellular, and 
possesses an almost normal capsule The tuft of the other is shrunken and 
has a greatly thickened hyahmzed capsule (X 165 ) 
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insufficient (Tilp 5 ) Heie we find bizaue, blanching, gieatly enlaiged 
tubules which aie often gathered into collections resembling 
adenomatous new giowth, indeed true adenomas aie said to form 
because of excessive regenei ation Many of the tubules contain mitotic 
figuies 01 syncytial cell masses, and m many fields the lesemblance to 
fetal stiuctures is most marked 

DISCUSSION 

In the discussion of this case there are several points which should 
be disposed of briefly befoie the question of the relation of the renal 
anomaly and the nephritis can be taken up The first concerns the 
1 elation of scarlatinal nephritis m early life to the development of 
chronic nephritis in later years Adult nephntis is frequently attrib- 
uted to scarlet fever m childhood and probably incorrectly so m the 
majoiity of cases Certain it is that the little evidence available aigues 
against lather than m favor of this commonly accepted belief Scar- 
latinal nephntis, as a lule, either kills or is quite promptly cured, and 
only occasionally results m chrome nephritis, eithei as a continuation of 
the primary renal inflammation or as a sequel later on Still 6 states 
that of 2S1 cases of scarlatinal nephritis, 54 per cent were cured in 
four weeks, and that only about 24 pei cent showed albumin aftei si> 
weeks Rosen f eld and von Rectenstamm failed to find a single case of 
severe nephntis among ninety-three persons who had had scailatinal 
nephritis in eailier life, and fifty-two of whom had had an albuminuria 
when discharged from the hospital Hill 8 states that chronic nephritis 
after scarlatinal nephritis is not at all a common condition, and among 
thirty cases of chronic nephritis in childien he found only foui which 
seemed to have followed scarlet fever. Hill quotes Ernbeig as having 
found normal urines m all of forty adults who had had acute nephntis, 
before the age of 15 We may, therefore, conclude that although 
chronic nephritis does sometimes follow aftei scailatinal nephritis, it is 
evidently somewhat more rare than the general impi ession would have 
it At least two distinct forms of nephritis occur as complications of 
scarlet fever, (MacCallum, 9 Reichel, 10 Lohlein, 11 Kaufmann 12 ) One 

5 Tilp, A Regenerations Vorgange in den Nieren, Habil-schr Strassburg, 
1912 

6 Still, G F Common Disorders and Diseases of Children, Ed 3, 1915, 
London, Frowde 

7 Rosenfeld, J , and von Rechtenstamm, M S , Cbronische Albuminurien 
nach ueberstandener Scharlach-nephritis, Ztschr f ICmderh 4 265, 1912 

8 Hill, L W Nephritis of Children, Am J Dis Child 17 270 (April) 1919 

9 MacCallum, W Textbook of Pathology, Ed 2, Philadelphia, W B 
Saunders Co , 1920 

10 Reichel, H Ueber Nephritis bei Scharlach, Ztschr f Heilk 26 72 1905 

11 Lohlein, M Ueber Schrumpfnieren, Beitr z path Anat 63 1917 

12 Kaufmann, E Spezielle Pathologische Anatomie, Ed 6, G Renner, 1911 
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in which the renal function may be but little disturbed, and m which 
the lesion consists principally of an interstitial infiltration by round 
cells, mainly plasma cells and lymphocytes The glomeruli aie often 
little 01 not at all involved , the tubules may show but little degenera- 
tion This is the acute interstitial (nonsuppurative) nephritis described 
by Councilman 13 and others Similar renal lesions occur m certain 
other acute infections 

In the second form, the glomeruli are particularly involved, they 
appear considerably swollen, are more nuclear because of prolif eiation 
of the capillary endothelium and also the presence withm the capillaiy 
loops of various leukocytes Hyaline and other thrombi often occlude 
the capillary lumen and render some or all the loops bloodless An 
exudate of fibrin, cells and debris is frequently present within the 
capsular space The capsular lining cells often proliferate greatly, 
forming a crescentic outgrowth to which the diseased tuft becomes 
adherent This typical glomerulonephritis is apt to occur m the third 
week of the disease, or may be postscarlatmal As m all types of 
glomei ulonephritis, secondary degeneration of the tubules, correspond- 
ing to the diseased glomeruli, is present Combination forms of the 
above types are not infrequently encountered Concerning the end 
stages of glomerulonephritis (“chronic” glomerulonephritis), it is gen- 
erally conceded that an atrophic, more or less evenly granular, fibrous 
organ may result which is termed “secondary contracted kidney ” 
Little is known about the reparative and terminal stages of the acute 
interstitial nephritis (nephritis mterstitialis cicatricans of Aschoff ) 
This is principally due to the fact that most patients either die in the 
acute stage, or only give rise to clinical symptoms and terminate fatally 
at so late an age period that more or less renal scarring* independent of 
the previous process, exists In other words, it is possible only very 
rarely to find an instance m which the terminal stage of scarlatinal 
nephritis may be studied 

It may be that the present case offers such an opportunity, if we 
may assume that the scarlet fever was the primary injurious agent and 
that because of the absence of its fellow, the affected kidney was sub- 
jected to so great a strain that a fatal termination took place at an age 
when fibrous changes m the kidney do not usually occui Aschoff 
believes it probable that certain cases of “genuine” contracted kidney 
(primary contracted kidney, true granular atrophy , true interstitial 
nephritis) may be traced to the acute interstitial nephritis This 
opinion is not fully accepted by Lohlein, but everything m the piesent 
case points strongly to the correctness of Aschoff’s supposition It is 

13 Councilman, W T Acute Interstitial Nephritis, J Exper M 3 393 
(J ulj) 1898 



PEPPER-L UCICE— NEPHRITIS 


673 


possible, theiefoie, that in this instance a true chronic interstitial 
nephritis, resulted from what probably was an acute interstitial 
nephritis 

The second question concerns the occurience of chronic nephritis 
befoie the age of 20 And here we must be caieful to differentiate 
between the usual type of chronic nephritis in childhood and true 
chionic intei stitial 01 glomerulonephritis The latter is relatively rare 
Heubner 14 states that chronic hemorrhagic nephritis is the character- 
istic type of chronic nephritis in childhood, and that of seventy-three 
cases of nephritis in childhood only one was true chronic interstitial 
nephntis with true conti acted kidney Sawyer 15 also emphasizes its 
ranty and states that it is only rately caused by scarlet fever He does, 
however, quote four cases in which scarlet fever occurred at 8, 6, 12 
and 10 yeais of age, respectively, and was followed by chronic mtei - 
stitial nephritis at the ages of 10, 11, 18 and 18, respectively Much 
the same picture has been described undei the term “contracted kidney 
secondaiy to scarlatinal nephritis” True chionic interstitial nephritis 
may occui at a veiy early age, several cases under 5 years of age have 
been lepoited and Sawyei quotes one at 3^2 yeais This is interesting 
in view of the relative immunity of infants to scarlet fevei When it 
does occur it presents much the same picture as in adults but the 
mciease of blood pressuie and hyperthropy of the heart are moie 
vanable Uremia usually teimmates the case Not infrequently title 
chronic interstitial nephntis m children is associated with mental and 
physical underdevelopment Miller and Parsons, 10 in refeinng to this 
picture of “renal infantilism,” state that it is an accompaniment of 
chronic interstitial nephritis and that it is not syphilitic, and offers a 
poor piognosis Typical cases are very striking Barber 17 has 
leported two cases m one family, the childien weie aged 12 and 14 
yeais respectively, but were markedly undei developed One child died 
in uremia, and at necropsy the kidneys were very small and showed a 
typical chronic interstitial nephntis 

It was stated that the blood pi essure may not show elevation This 
was true m Barbel’s cases, while Berkley and Lee 18 report a case of 
chronic interstitial nephritis in a boy of 10 yeais who had a systolic 
blood pressuie of 250 and a diastolic blood pressure of 190 

14 Heubner, O Ueber chronische Nephrose nn Kindesaltei, Jahrb f 
Kinderh 77 1 , 1913 

15 Sawyer, J E H Chronic Interstitial Nephritis in Children, Birming- 
ham M Rev 54 511 (Aug) 1903 

16 Miller, R, and Parsons, L Renal Infantilism, Brit J Child Dis 
9 289 (July) 1912 

17 Baiber, H Chronic Interstitial Nephritis in Children, Brit M T 
2 1204 (Nov 8) 1913 

18 Berkley, H K, and Lee, J M Hypertension, Am J Dis Child 13 
354 (April) 1917 
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The next question concerns the renal anomaly Complete absence 
of one kidney (aplasia, agenesis, single kidney) must be distinguished 
from the horseshoe or solitary kidney, the result of fusion of two 
kidneys, and from the very small kidney of hypogenesis 01 of atrophy 
The hypogenetic kidney may be extremely small and its presence easily 
overlooked at necropsy, and m the older records man}’- such cases in all 
probability are recorded as instances of true agenesis 

Congenital absence of the kidney is believed to be the lesult of a 
failure of the Wolffian duct to throw off the corresponding renal bud 
after the duct has reached the cloaca Males aie twice as frequently 
affected as females, and it is the left kidney which is more often absent 
Congenital anomalies of the genitalia are not uncommonly associated 
with this renal anomaly, and the genital anomaly is usually on the side 
of the absent kidney Guizzetti 19 found that one half of forty-six 
cases of single kidney showed some genital anomaly, and others have 
reported a similar figure It has even been suggested that this finding 
of a genital anomaly should wam of the possible absence of a kidney 
True agenesis of the kidney is not extremely rare Dorland 20 quotes 
the combined statistics of Morris, Petersen, Rootes, Sangalh and Men- 
zies as showing eleven cases in 25,142 necropsies, or one m 2,286 Pie 
also refers to the reports by Moore of one in 2,400, Gerard, one m 
2,500, and Weir, one in 5,000 Guizzetti found' seven in 2,848 
necropsies, and also reported an earlier series of thirty-nine m 20,000 
necropsies 

The total number of cases of this anomaly reported is quite high 
Dorland, m 1909, placed the total at 300, while Anders, m 1910, 
accepted only 286 cases of which he had collected sixty-one cases 

The last question concerns the influence which this, or similar, lenal 
anomalies may have on the existing kidney It would seem that 
possibly the existing kidney might suffer simply as a result of the 
greater demands made on it m the absence of its fellow, or that it 
might be impaired congenitally as a part of the developmental fault 
which led to the absence of the opposite kidney Anders studied this 
question and came to the conclusion that "while longevity is not 
markedly abridged, yet a greater than the normal percentage among 
subjects of congenital single kidney die of kidney complaints He 
found that in 170 cases in which the renal changes were given, seventy- 
nine or 46 5 per cent , showed morbid lesions other than mere com- 
pensatory hyperthropy and that thirty-two cases, or 42 3 per cent of 
the fatal cases show 7 ed chronic nephritis Of these, nineteen were con- 

19 Guizzetti, P Sulla Coesistenza di anomahe Renali con Anomahe 
Genitali Riforma med 34 646 (Aug 17) 1918 

20 Dorland, W \ X A Consideration of Renal Anomalies, Surg, Gyn 
& Obst 13 303 (Sept) 1911 



PEPPER-L UCKE — NEPH RI TIS 


675 


sidered cluonic mteistitial nephutis, two were chronic parenchymatous 
nephritis, and m eleven the type of chronic nephutis was not specified 
In the group of sixty-one cases collected by Andeis himself, there were 
twenty-seven cases m which the single kidney was examined, fifteen 
showed nephritis Of this group seven weie of the chronic interstitial 
vanety, six weie lecoided as chronic nephritis, one as chronic 
pai enchymatous nephritis, and one was acute 

These figures of incidence aie high, but of the seven cases of 
cluonic interstitial nephutis tlnee patients weie over 61 years of age 
at death, one patient was 45, and none was less than 21 , the age at 
death m the fifteen cases showing vanous foims of nephritis were as 
follows Between 21-30, foui cases, 31-40, two cases, 41-50, two 
cases, 51-60, two cases, 61-70, foui cases, over 71, one case It is 
evident, therefore, that a number of these patients died at an age when 
the finding of some cluonic nephritis is not at all unexpected Anders’ 
figures, though no doubt correct, may perhaps be somewhat too high 
from this point of view but there is no reason to doubt his conclusions 
Sometimes the single kidney is dystopic and may even be found in 
the pelvis Rolleston 21 repoited one such case and collected six others 
from the hteratuie, only one of these seven was known to have any 
renal disease but that one died at the age of 10 in urenua fiom 
parenchymatous nephutis Rolleston lemarks that the dystopic kidney 
is especially liable to disease and that this liability is remarkably 
increased if it is a single kidney Schaanmg makes the same statement 
concerning the solitary, or fused, kidney and the misplaced kidney, 
that they are peculiarly liable to disease 

Hypogenesis of the kidney is an anomaly which in a varying degiee 
places the existing renal tissue under similar conditions as does agenesis 
of one kidney In fact, when one appreciates that the hypogenetic 
kidney may weigh less than 1 gm , and be found only by microscopic 
examination, it is obvious that from the point of view of renal function 
and strain on the existing kidney theie is little or no difference between 
marked hypogenesis and complete agenesis Embryologically, there 
may be an important difference, and the nature of the developmental 
fault may influence the vitality of the functionating kidney tissue, but 
this is beyond our piesent knowledge 

Coplin contends that there is a type of renal anomaly of devel- 
opmental origin which predisposes to or renders inevitable some form 
of nephutis He refers particularly to hypogenesis lather than to 
agenesis, and he beliefs that the original fault is probably primarily a 
defective aiteriogenesis In the gioup of cases which he describes, the 
hypogenesis varies considerably In some cases one kidney is very 
small while the other is normal oi even shows hypertrophy, in other 


21 Rolleston, J D Pelvic Kidney, Brit J Child Dis 13 80 (March) 1916 
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cases both kidneys are much below the normal size, just as in the 
agenetic group the association of genital anomalies and dystopia of the 
kidney is not infrequent Concerning the liability of such patients to 
nephritis, Coplin says “of nine cases embraced m this study, m three, 
renal disease was clearly indicated, and in one the diagnosis of chronic 
interstitial nephritis was made with full recognition of associated 
cardiovascular phenomena , m another the diagnosis was chronic 
nephritis ” Coplin concludes that “nephritis, toxemia, or uremia 
coming on in young persons without adequate cause should arouse 
suspicion ” He evidently feels that this anomaly renders the subject 
liable to nephritis, but he acknowledges that patients may reach old 
age without any symptoms A call at any time for unusual functional 
activity of the kidney may cause a breakdown 

Babes reported six cases which closely resemble Coplm’ s cases, and 
which clinically are very like our case His patients were all under 30 
years of age , they were anemic and below par Each patient developed 
after some minor infection a sudden onset of uremic symptoms leading 
rapidly to death The urine was quite abundant, of low color, and 
contained considerable amounts of albumin and casts There was 
some left ventricular hypertrophy and the pulse was hard Epistaxis, 
hemoptysis and purpura were not uncommon At the necropsy the 
kidneys were both present but one or both were very small, lower in 
position than normal and supplied by a renal artery smaller than 
normal One kidney sometimes w eighed as little as 20 gm , and in two 
instances one kidney was almost agenetic ivlnle the other was hyper- 
trophied Microscopically, the picture was neither a simple nephritic 
sclerosis nor a simple arteriosclerosis, nor does Babes consider the 
condition a simple arterial inadequacy, but a true hypogenesis, perhaps, 
with a superadded nephritis Jianu and Meller 22 followed up Babes’ 
work with further obsen ations but added nothing new 

This brief summary of the evidence certainly justifies the opinion 
that the renal anomalies, agenesis, hypogenesis and possibly dystopia 
aie associated with a greater than normal liability to chronic nephritis 
Some of the evidence suggests that nephritis is not the only form of 
renal disease to which such mdiuduals are subject, but that stone, 
tubei culosis, etc, are also frequently associated This is, however, 
outside the question under discussion 

Why the single kidney should be liable to nephritis is not known 
Speculation may follow the two lines previously suggested Undoubt- 
edly the absence, or extreme hy r pogenesis, of one kidney results m an 
increased demand on the other kidney r which might well be thought to 

22 Jianu, J, and Meller O Emige Bemerkungen uber In pogenetiscbe 
Nephritis, Centralbl f allg Path u path Anat 23 774 (Sept IS) 1912 
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be sufficient to result, in many instances, m nephntis This explanation 
is not so adequate for the cases m which the opposite kidney shows 
hypertrophy, nor do the results after nephrectomy add strength to the 
hypothesis Nor do the cases of bilateral moderate hypogenesis seem 
to bear it out Finally, it is impossible to explain on a simple quantita- 
tive reduction m renal tissue the tendency to nephritis described in 
fused kidneys 01 in dystopic kidneys 

On the other hand, there is the hypothesis that the congenital malde- 
\ elopment has also influenced the single kidney in the case of agenesis, 
or the apparently normal kidney opposite the markedly hypogenetic 
one This hypothesis seems the moi e reasonable but would seem to be 
open to pathological demonstration A congenital influence sufficient to 
render the kidney liable to chronic disease might, perhaps, be expected 
to show some sign although it is possible that this very occurrence is 
common but unrecognized 

In the group of hypogenetic kidney cases Coplm argues for a 
primary defective artenogenesis while Babes claims that there is pres- 
ent a true congenital alteration of structure These statements only 
mdirectl) enter into the question of the single kidney concerning which 
there is less e\ idence Many of the single kidneys are noted as having 
marked fetal lobulations as did our own case Dorland, however, 
states that the single kidney is almost always normal in shape, but Rol- 
leston mentions fetal lobulations There is no known evidence, how- 
ever, to suggest that fetal lobulations per se are indicative of lowered 
functional efficiency It seems at least possible that the various groups 
of cases briefly touched on above and which all have certain points in 
common must surely be correlated m some manner and must ha\e 
some factor common to all to explain the evident tendency to nephritis 
Certain it is that in all these cases the renal function is easily impaired 
and that the renal factor of safety is reduced 

When one considers the case herein reported from the point of 
view of the anomaly and the subsequent nephritis, one is struck by 
the similarity which it beais to the groups discussed by Coplm, Anders 
and Babes This is true, not only of the clinical picture, but also, of 
certain aspects of the kidney itself But even granting the absence of 
one kidney and some congenital malformation of the other, this does 
not complete the story In every instance there must be some addi- 
tional factor, some actual cause of the nephritis That this factor is 
often overlooked is to be explained on the apparently unimportant 
nature of the injury which would be sufficient to bring about nephritis 
m such handicapped individuals Perhaps, the same trifling causes 
which in normal individuals bring about the chronic nephritis of adult 
years would be capable in individuals with renal anomalies of bringing 
about a similar renal disease at a much earlier age 
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In our case the problem is, perhaps, simplified by the attack of 
scarlet fever , foi although there is no positive evidence, the history of 
ill health dating from the scarlatinal attack and the renal changes found 
at necropsy suggest that a scarlatinal nephritis occurred As has been 
said, such a scarlatinal nephritis in an otherwise normal individual 
either promptly leads to a fatal outcome, or is apparently cured, no 
evidence of chronic nephritis appearing until, at least, many years 
after In our patient, however, the existence of the renal anomaly 
brought about in an unusually short time a fatal degree of chronic 
nephritis 

SUMMARY 

1 A clmicopathologic study is reported of a fatal case of lenal 
disease in a 14 year old girl 

2 The clinical picture was that of a uremia terminating a chronic 
interstitial or glomerular nephritis All the usual evidences, both 
clinical and laboratory, were present In addition there was a marked 
purpuric tendency 

3 The postmortem disclosed aplasia of the left kidney, histopatho- 
logic study of the small right kidney showed a combination of true 
chronic interstitial nephritis and chronic glomeiulonephritis A remark- 
able degree of regeneration was seen, which, however, was morpho- 
logically and functionally insufficient (frustrated regeneration) 

4 An attempt to weigh the evidence concerning etiology leads to 
the tentative conclusion that this unusual picture was the result of the 
injurious action of scarlatina initiating a nephritis, which, because of 
the inadequate and possibly anomalous kidney present, rapidly resulted 
in a condition analogous to chronic nephritis of adults 



I LIVER REGENERATION FOLLOWING CHLORO- 
FORM INJURY AS INFLUENCED BY TEIE 
FEEDING OF CASEIN OR GELATIN' 

N C DAVIS f and G H WHIPPLE, MD 

S VN 1 RANCISCO 

This papei continues the investigation of liver cell repan as 
influenced by diet factors Other papers 1 show the influence of meat, 
fat and carbohydiate feeding on the reconstruction of lner cells It 
has been pointed out that a uniform central liver neciosis involving 
half or more of the liver cells can be readily produced by chloroform 
anesthesia 01 chloroform injection following a standard fasting period 
Under favorable diet conditions this liver necrosis may be completely 
repaired by the foimation of new lner cells in a period of from seven 
to ten days The solution or autolysis and removal of the dead livei 
cells precedes the construction of new livei cells The construction 
of this great mass of liver cells is a tiuly remarkable reaction which is 
worthy of much study This speed of growth or lepioduction fai 
exceeds the new giowth seen in the most malignant neoplasms or even 
growing embryonic tissues It seemed highly desirable to study this 
new foimation of specialized cells to determine the factors which may 
control, favor or hamper the cell reconstruction 

It is very significant that abundant caibohydrate feeding (cane 
sugar) is quite favorable to rapid liver cell repair and complete cell 
repair may be attained without the intake of any nitrogenous material 
This shows very careful conservation of nitrogenous fractions in the 
body and proves that sugar may at times act directly by conseivation 
of protein split products in its protein sparing action 

Glycogen is so intimately concerned in the life cycle of the liver 
cell that possibly sugai feeding has greater influence for the rapid 
development of liver cells than of other body cells Fat apparently is 
not concerned m this liver cell repair and m the diet undei such condi- 
tions seems to be inert, although furnishing energy requirements 

The repair and construction of led blood cells have been studied 
in this laboratory 2 and stand in maiked contrast to the livei cell con- 
struction Carbohydrate has a minimal influence on the red cell con- 

*From the George Williams Hooper Foundation foi Medical Research, 
University of California Medical School 
t University of California Fellowship 

1 Davis, N C , Hall, C C , and Whipple, G H Arch Int Med 23 689 
(June) 1919 Davis, N C, and Whipple, G H ibid 23 711 (June) 1919 

2 Whipple, G H , Hooper, C W , and Robsclieit, F S Am J Physiol 
53 167, 1920 
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struction as contrasted with meat proteins, foi example This indicates 
wide indrwdual variation m the repan 01 1 econstruction complex of 
various body cells 

We hope to study the influence of several simple proteins and 
protein split products upon this standard repair of liver cells At 
this time we wish to report m detail the experiments dealing with two 
common proteins, one of which (casein) is a complete protein and the 
other (gelatin) an incomplete protein 

Casein may be considered a representative of the “complete pio- 
teins” (Abderhalden, Fischer, and others) The amino-acid glycocoll, 
which is absent, is known to be synthesized in animal metabolism 
when needed The content of cystine is relatively low Gelatin 3 is 
quite high in glycocoll, but lacks the important amino-acids tyrosm, 
tryptophan and cystin, and is, therefore, an “incomplete protein ” 
Both casein and gelatin are readily obtained commercially m a com- 
paratively pure condition 

It is interesting to compare the assistance given by such different 
substances in the rapid repair of body tissue Obviously our short 
feedirtg experiments of seven to ten days are not comparable with the 
long continued growth and general maintenance experiments 

METHOD 

The routine of our regeneration experiments has been described 
elsewhere 1 In brief The animal is starved for a short period, a 
livei injury is obtained either by chloioform anesthesia or by sub- 
cutaneous injection of chloroform, feeding is begun the day after 
administration of the drug, a biopsy specimen for microscopic examina- 
tion is removed from the liver on the second day (this shows the 
initial injury, with practically no repair) , feeding is continued for any 
desired period following operation, usually about seven days , a hvei 
specimen is then secured either by another operation or by sacrifice of 
the animal (this shows the amount of regeneration which has taken 
place m the liver parenchyma) An animal may frequently be used 
for two or more experiments 

Dogs seldom eat pure gelatin or pure casein from their food pans 
in any considerable amounts It has been found satisfactory, though 
somewhat laborous, to make a thm casein mush m warm water and 
feed it to the animals by spoon Gelatin is always given m warm 
solution by stomach tube A suitable amount of salt is given with 
both substances The animals will often retain their food better if 
the desued ration is given in divided doses throughout the day 

3 Fischer, E , Levene P A and Aders, R H Ztschr f phjsiol Chem 
35 70, 1902 Le\ ene P A and Beattj, W A Ibid 49 252, 1906 
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EXPERIMENTAL OBSERVATIONS 

In the accompan) mg table are summarized the results of feeding 
experiments with casein and gelatin Protocols follow 


Liver Repair Influenced b\ Feeding of Casein and Gelatin 


I \periment 

Livei Injun 

Teed 

mg, 

Davs 

Average 

Daily 

Amount 

Food, 

Gm 

Liver Repaii 

Remarks 

Casein 

No X 

Dog 20-11 

53 60% necrosis, 
trace of fat 

S 

100 

20% unrepancd, 
no fat 

Some vomiting on 
2d day, developed 
distemper, killed 

No 2 

Dog 20-06 

GO-65% necrosis 
slight trace of 
fat 

0 

120 

15% unrepancd 

Vomiting on 2d 
day, bright and 
active 

No 1 

Dog 20-111 

50 55% neeiosis, | 
fat moderate 

i 

100 

20 25% unregenerated, 
fat lieai y around 
central veins 

Vomiting on 3d 
day , wound broke 
down, killed 

No 5 

Dog 21 IS 

30-35% necrosis, | 
trace of fat 

i 

O 

100 

Regeneration prac- 
tically complete 

No vomiting, 
maintained 
weight 

No 8 

Dog 21 20 

45 50% necrosis, 
fat heavy to ( 

lobule penph | 

cries , 

0 

00 

10 15% unregener 
a ted, fat mod 
ci ate 

No vomiting, died 
under anesthesi i 
at final opera- 
tion, necropsv 

negative 

Gelatin 

No 3 

Dog 20 Go 

00-05% necrosis 
slight trace of i 
fat 

9 

! 

OS 

15% unrepaired, 
slightest possible 
trace of fat 

Vomiting on 4th 
day, bright and 
active 

No 0 

Dog 21-18 

00 65% neeiosis, 
fat hear j to 
lobule penph j 

cues 

9 

100 

Regeneration prac 
ticnllv complete, 
Iicavj tiace of fat 
m central cells 

Vomiting on 3d 
day , weak toward 
end of experiment 

No 7 

Dog 21-26 

GO-65% neeiosis, 
fat hear v to 
lobule periph 
erics 

9 

GO 

10% unregeneiated, 
fat moderate 

Vomiting on 8th 
day, bright ind 
active 

No 9 
Dog 20 77 

20 30% necrosis, 
severe injury up 
to 40%, slight scat- 
tering of fat 

9 

50 

Regeneration prac- 
tically complete, 
slightest possible 
trace of fat 

Vomiting on 2d 
day, in good con- 
dition throughout 

No 10 
Dog 20-108 

00% necrosis 

9 

65 

10 15% unre 
genei nted 

No vomiting, died 
under anesthesia 
at 2d operation, 
kidney sections 
show slight ne- 
phritis 


Experiment 2 —Casein Feeding Dog 20-66 White mongrel male 
Jan 8, 1920 Weight, 2112 pounds Just recovered from distemper, in 
good condition Isolated for starvation after daily feeding 
January 9, 10 and 11 No food 

January 12 Weight, 19 5 pounds Active Chloroform anesthesia, 1 hour 
(5 10 to 6 10 p m ) 

January 13 Weight 19 5 pounds Active Left 125 gm casein, and salt, 
and a little beef extract (all moistened) in cage 

January 14 Weight, 19 pounds Active Ate about 75 gm casein left in 
cage Piece of liver remo\ed at 2 30 p m Vomited later Left a little casein 
in cage — no forced feeding 

January 15 Weight 18 5 pounds Bright and active 120 gm casern by 
spoon feeding 
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January 16 Weight, 19 pounds Bright and active 125 gm casein by spoon 
feeding 

January 17 Weight, 18 7 pounds Bright and active 125 gm casein by 
spoon feeding 

January 18 Weight, 18 7 pounds Bright and actne 125 gm casein by 

spoon feeding 

January 19 Weight, 18 4 pounds Bright and actne 125 gm casein by 

spoon feeding 

January 21 Piece of liver removed at 2 30 p m 
January 28 Wounds almost well In excellent condition 
Sections First operation, from 60 to 65 per cent necrosis Slight trace 
of fat 

Sections Second operation 15 per cent unrepaired 
Experiment 5— Casein Feeding Dog 21-18 Young brmdle mongrel, male 
Sept 14 1920 Weight, 25 5 pounds In goocl condition Old keratitis and 
staphyloma of right eye suggest previous distemper infection Isolated after 
daily feeding fasting begun 

September 15, 16 and 17 No food 

September 19 Weight, 23 8 pounds Chloroform anesthesia for forty-five 
minutes (3 to 3 45 p m) Gave 10 mg sodium cyanid in 100 c c physiologic 
sodium chlorid solution intravenously during thirty-fhe minutes of anesthesia 
September 18 Weight, 23 3 pounds A little dull Gave 100 gm casein and 
salt by spoon feeding 

September 20 Weight, 23 5 pounds A little dull Gave 100 gm casein 

and salt as before Piece of liver removed at 3 p m Lner looks injured 

in gross 

September 21 Weight, 23 25 pounds Dull Nose shows slight discharge 

100 gm casein 

September 22 Weight, 23 4 pounds Dull Nose shows slight discharge 

100 gm casein 

September 23 Weight, 23 4 pounds Wound infected, but not broken down 
100 gm casein 

September 24 Weight, 23 7 pounds Nose condition clearing up 100 gm 
casein 

September 25 Weight, 23 7 pounds No nasal discharge Thin purulent 
oozing from wound 100 gm casein 

September 26 Weight, 23 8 pounds Constipation probably' accounts for 
some of gain in w eight 100 gm casein 

September 27 Weight 23 7 pounds Wound superficially open 100 gm 
casein Operation at 2 30 p m Small piece of liver removed 

Sections First operation, from 30 to 35 per cent necrosis, trace of fat 

Sections Second operation, almost complete regeneration, less than 10 

per cent not filled out Slightest possible trace of fat 

Experiment 6 — Gelatin Feeding Dog 21-18 Young brmdle mongrel, male 
Oct 19, 1920 Weight, 30 7 pounds Former operative sites in good con- 
dition Isolated after daily feeding, fasting begun 
October 20, 21 and 22 No food 

October 23 Weight, 27 5 pounds Active and in good condition Chloro- 
form anesthesia for forty-fhe minutes (3 40 to 4 25 p m) 100 cc physio- 

logic sodium chlorid solution intravenously during anesthesia 

October 24 Weight, 27 pounds Active 100 gm gelatin and salt in 300 c c 
water by stomach tube 

October 25 Weight, 25 5 pounds Active No \omitmg 100 gm gelatin 

gi\en in divided doses Piece of liver remo\ed at 2 30 p m 

October 26 Weight, 25 5 pounds Bright and actne 100 gm gelatin in 
dn ided doses (partly vomited) 

October 27 Weight 25 4 pounds Active 100 gm gelatin as before No 

\omiting 
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October 28 Weight, 25 pounds Rather quiet 100 gra gelatin as before 
No vomiting 

October 29 Weight, 25 1 pounds Quiet and somewhat weak 100 gm 
gelatin as before No vomiting 

October 30 Weight, 25.25 pounds Rather weak Removed stitches yester- 
day evening and wound has opened because of infection 100 gm gelatin in 
divided doses No vomiting 

October 31 Weight, 24 75 pounds Seems bright, but not active 100 gm 
gJatin at one feeding No vomiting 

November 1 Weight, 24 5 pounds Inactive 100 gm gelatin at one feed- 
ing No vomiting Piece of liver removed at 3 30 p m 

Sections Third operation, from 60 to 65 per cent necrosis, fat heavy to 
lobule peripheries 

Sections Fourth operation, almost complete filling in of lobules (less than 
10 per cent unregenerated) , lobule centers show heavy trace of fat 

Experiment 7— Gelatin Feeding Dog 21-26 Young, long-haired mongrel, 
female 

Oct 5, 1920 Weight, 18 8 pounds In good condition active Isolated 
after daily feeding, fasting begun 
October 6, 7 and 8 No food 

October 9 Weight, 16 9 pounds (7 7 kilos) Active Chloroform anes- 
thesia for forty -five minutes (3 35 to 4 20 p m ) During forty minutes of 
this time 260 c c of 1 per cent sodium carbonate in hypertonic saline solution 
(14 per cent) were given intravenously (approximately 34 cc per kilo) 
October 10 Weight, 16 25 pounds Bright and active Gave 60 gm gelatin 
and salt in 200 c c water by stomach tube 

October 11 Weight, 16 5 pounds Active No vomiting yesterday 60 gm 
gelatin Piece of liver removed at 4 p m Liver looks fatty 

October 12 Weight, 164 pounds Quiet 60 gm gelatin by stomach tube 
(lost a little) 

October 13 Weight, 15 75 pounds More active today 60 gm gelatin No 
vomiting 

October 14 Weight, 15 5 pounds Rather quiet 60 gm gelatin m divided 
doses No vomiting 

October 15 Weight, 15 4 pounds Quite active 30 gm gelatin m morn- 
ing, 60 gm in evening 

October 17 Weight, 14 5 pounds Active 75 gm gelatin Wound open 
a little 

October 18 Weight, 14 6 pounds Bright and active 75 gm gelatin 
(Vomited some last night) Piece of liver removed at 2 30 pm Encountered 
a little peritoneal fluid, slightly cloudy 

Sections First operation 45 to 50 per cent necrosis, fat heavy to lobule 
peripheries 

Sections Second operation about 10 per cent unregenerated, fat moderate 
Experiment 8 — Casein Feeding Dog 21-26 Young, long-haired mongrel, 
female 

November 16 1920 Weight 189 pounds In good condition Dog had a touch 
of distemper since last used, but has recovered Isolated after daily' feeding, 
fasting begun 

November 17, 18 and 19 No food 

November 20 Weight, 16 6 pounds (7 55 kilos) In good condition, active 
Chloroform anesthesia for forty-five minutes (2 05 to 2 50 p m ) During 
forty minutes of this period 260 cc hypertonic saline solution (14 per cent) 
was given mtrav enously (34 -f c c per kilo) 

November 21 Weight, 16 pounds Bright and active 60 gm casein and 
salt by spoon feeding 

November 22 Weight, 16 5 pounds Bright and active 60 gm casein and 
salt by spoon feeding Some casein was vomited yesterday Piece of liver 
removed at 12 noon, fatty and friable 
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No\ ember 23 Weight, 16 25 pounds Somewhat weak Ihere appears to 
have been some oozing from wound 60 gm casein m divided doses 

November 24 Weight, 16 pounds Bright and active 60 gm casein in 

divided doses 

November 25 Weight, 16 pounds Bright and active 60 gm casein at 

one feeding 

November 26 Weight, 16 1 pounds Bright and active 60 gm casein at 

one feeding 

November 27 Weight, 15 9 pounds Bright and active 60 gm casein at 

one feeding 

November 28 Weight, 15 6 pounds Bright and active 60 gm casein at 

one feeding Wound healing nicely 

November 29 Weight, 15 4 pounds Bright and active 60 gm casein at 

one feeding Operation in afternoon, dog died under anesthesia Necropsy 
essentially negative 

Sections Third operation from 45 to 50 per cent necrosis, fat heavy to 
lobule peripheries 

Sections Necropsy from 10 to 15 per cent unregenerated, fat moderate 
Experiment 9 — Gelatin Feeding Dog 20-77 Young female terrier 
Feb 21, 1920 Weight, 115 pounds Active and in good condition Isolated 
after daily feeding, fasting begun 

February 22, 23, 24 and 25 No food 

February^ 25 Weight, 10 pounds Active Chloroform anesthesia one hour 
and ten minutes (3 20 to 4 30 p m ) 

February 26 Weight, 9 5 pounds Active 50 gm gelatin in 200 c c water 
by stomach tube 

February 27 Weight, 9 5 pounds Active 50 gm gelatin in 200 cc water 
by stomach tube Food partly vomited Piece of liver removed at 10 30 a m 
February 28 Weight, 9 5 pounds Active 50 gm gelatin by stomach tube 

February 29 Weight, 91 pounds Active 50 gm gelatin by stomach tube 

March 2 Weight, 8 75 pounds Active 50 gm gelatin by stomach tube 
March 2 Weight, 8 6 pounds Active 50 gm gelatin by stomach tube 
March 3 Weight, 8 4 pounds Active 50 gm gelatin by stomach tube 
Operation wound opening slightly 

March 4 Weight, 8 2 pounds Rather quiet 50 gm gelatin by r stomach tube 

March 5 Weight, 8 2 pounds Rather quiet 50 gm gelatin by stomach tube 

3 30 p m , removed piece of liver 

Sections Second operation from 25 to 30 per cent necrosis, injured up 
to 40 per cent, with scattering of fat 

Sections Third operation, slightest possible trace of faf, repan almost 
complete 

The following experiments were undertaken with the idea of 
supplementing a sugar diet with casein The protein was digested 
with pancreatic extract so that it became soluble Since the digest was 
veiy nauseating, an attempt was made in one expeiiment to give it 
by the mtraperitoneal route In addition to the animals in Experiments 
12 and 13, another dog was given sugar and casern digest by stomach 
tube This dog died on the sixth day after chloroforming with very 
toxic symptoms and autopsy showed less than one-half of the livei 
injury repaired 

It is clear that this casein digest ammo-acid mixture was much 
more toxic to a dog poisoned by chloroform than to a normal animal 
The significance of this observation is not apparent but further investi- 
gation of this point should be made 
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Experiment 11 — Casein Digest Iniiapci ifoncally Conti ol Dog 20-/8 
Long-haired mongrel, male 

Feb 4, 1920 Given 5 gm casein digest dissohed m 35 c c physiologic 
sodium chlorid solution, mtraperitoneally No reaction 
February 5 and 6 Dog clinically as usual 

February 7 10 gm casein digest mtraperitoneally No reaction 

Feb 8 and 9 As well as usual 

February 10 Sacrificed Necropsy negative 

Experiment 12 — Sugai Feeding , Casein Digest Inti apu itoncally Dog 20-64 
Large, black spaniel, female 

Feb 7, 1920 Weight, 33 75 pounds In excellent condition Isolated after 
daily feeding, fasting begun 

February 8, 9 and 10 No food 

February 11 Weight, 29 6 pounds Actne Chloroform anesthesia for one 
hour and five minutes (3 30 to 4 35 p m ) 

February 12 Weight, 292 pounds Bright and active 100 gm cane sugai 
and kaolin by stomach tube 

February 13 Weight, 28 6 pounds Somewhat dull and weak Food as 
yesterday Piece of liver removed at 3 45 p m , gross appearance of severe 
injury (Sections show from 50 to 55 per cent necrosis ) 

February 14 Weight, 29 pounds Dog is quite sick Pulse rapid and weak, 
temperature subnormal No jaundice or hemorrhages, 100 gm cane sugar bj 
stomach tube, 5 gm protein digest mtraperitoneally in 25 c c water All mtra- 
peritoneal injections given under light ether anesthesia 

February 15 Weight, 29 3 pounds Weak, but not so sick as yesterday 
Sclera jaundiced 100 gm sugar by stomach tube, 5 gm protein digest in 
20 cc fluid mtraperitoneally 

February 16 Weight, 28 3 pounds Still weak 100 gm sugar by stomach 
tube, 10 gm protein digest in 45 cc fluid mtraperitoneally 

Feb 17 Weight, 28 pounds Sugar as before, 10 gm protein digest in 30 
c c fluid mtraperitoneally 

February 18 Weight, 27 6 pounds 150 gm sugar by stomach tube, 15 gm 
protein digest in 45 c c w'ater mtraperitoneally 

February 19 Weight, 27 25 pounds Sugar and protein digest as yesteiday 
Weak 

February 20 Weight, 25 1 pounds Sugar and protein digest as yesterday 
Vomited a little Very weak Great quantities of thin, reddish-brown diarrhea 
Died about noon 

Ncciopsy Repoit — All tissues intensely jaundiced Some hemorrhage into 
abdominal wall, especially around operative site and points of injection Peri- 
toneal cavity contains some fluid, perhaps largely from injection in morning, 
fluid looks blood tinged Peritoneal surfaces and mesentery are engorged and 
purplish, there are occasional fibrin deposits, a loop of intestine is adhered to 
anterior wall on left side Fat overlying pericardium appears hemorrhagic 
Heart negative Blood is massively clotted 

Lungs are mottled light and dark (mostly posterior), but there seem to 
be no hemorrhages or consolidation 

Liver, m addition to jaundice, is extremelj mottled, suggesting great lack 
of repair There are a number of small antemortem clots throughout the 
parenchyma 

Spleen shows extensive hemorrhages 

Kidneys dark, cortices somewhat swollen and cloudy, suggesting paren- 
chymatous degeneration 

Mucosa of gastro-mtestinal tract and bladder negative 
Mia oscopic Report— Lungs hemorrhagic exudate, congestion Spleen and 
lymph nodes hemorrhages and necrosis Liver from 10 to 15 per cent not 
repaired Kidneys cloudy swelling 

Experiment 13 — Sugai and Caicm Digest Feeding Dog 20-76 Black 
mongrel, female 
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April 28, 1920 Weight 14 75 pounds In good condition (three previous 
experiments) Isolated after daih feeding, fasting begun 
April 29 and 30 No food 

May 1 Weight, 13 25 pounds (6 023 kilos) Dog in good condition Ga\e 
127 cc chloroform (0 21 cc per kilo) plus twice its volume liquid petrolatum 
subcutaneously 

May 2 Weight, 13 1 pounds Bright and active Gave by stomach tube 
50 gm cane sugar, 15 gm protein digest and a little kaolin 

May 3 — Weight, 12 9 pounds Vomited some yesterday Food as yesterdav 
except 5 gm less amino-acids Vomited some about one and a half hours after 
feeding Operation at 2 30 p ni Cut out one of preceding operative scars, 
no difficulties Piece of liver removed 

May 4 Weight, 12 6 pounds Active Fed 100 gm cane sugar and 15 gm 
protein digest in divided doses, by stomach tube 

Ma> 5 Weight, 12 3 pounds Active Food as yesterday Some vomiting 
in morning 

May 6 Weight, 12 1 pounds Active Food as yesterday Some vomited in 
morning Put dog in metabolism cage, to receive less water 

May 7 Weight 12 pounds Quiet Food as yesterday Not vomited 
May 8 Weight, 11 4 pounds Quiet Food as yesterday Partly vomited 
May 9 Weight, 11 pounds Quiet Gave 50 mg cane sugar and 15 gm 
protein digest Largely vomited ’ 

May 10 Dog is quite weak Operation at 11 a m 

The value of the experiment is much decreased because of vomiting On 
some days there was little or no vomiting, and when it did occur it was often 
late, however, probably one third or one half of food was lost Feces were 
passed on three occasions during experiment, small amounts of soft, brown 
material 

Operation on Second Dav 45 to 50 per cent necrosis, fat moderate 
Operation on Ninth Da> about 15 per cent unregenerated, trace of fat 
Note Casein digest vields only 28 mg ammo-nitrogen per gram indi- 
cating that approximately 17 5 per cent of mixture consists of amino-acids 

DISCUSSION 

A comparison of the liver regeneration on diets of casein and 
gelatin shows that in this series the results have been about the same, 
— the superiority, if any, resting with gelatin This means that the 
liver cells were not repaired entirely by ammo acids coming from the 
gelatin, but that the latter must necessarily have been supplemented 
by “building stones” from endogenous katabohc waste material per- 
haps in part from the necrotic liver cells 

Regeneration with these isolated proteins has been equal to that 
\\ ith meat diets, better than that on starvation or with fat diet and 
less complete than that with mixed table scraps, bread and milk, or 
e\ en a pure carboli) drate diet 1 One might infer that in the rapid 
regeneration of liver cell protein the conservation of metabolic end 
pioducts plays a laiger part than the furnishing of new protein material 
Ev tdentlv , under certain conditions, energy requirements have pre- 
cedence over reparative piocesses to the extent that incoming protein 
material may be stripped bv de-amimzation, to a point where syn- 
thesis of cell protoplasm is hampered 
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Owing to the tendency to vomiting, it has usually been necessary 
to give less of gelatin than of casein per day Loss of weight has 
been less marked m the case of casein feeding 

In experiment 7 , carbonate solution was given intravenously dur- 
ing chloroform anesthesia, while in Experiment 8 on the same dog 
only saline solution was injected, yet the injuries* weie identical 
Whether or not chloroform causes an acidosis, and this m turn is 
relieved by alkaline therapy, has no bearing on our work — carbonate 
solution intravenously certainly is not able to prevent m any measure 
the liver injury caused by chloroform 

SUMMARY 

Gelatin, although an “incomplete protein,’' seems to be equally 
as efficacious as casein in the regeneration of liver parenchyma 
destroyed by chloroform 

After a 50 to 60 per cent necrosis, a feeding period of nine days 
with either substance will restore the liver to within 10 or 15 per cent 
of normal This liver cell regeneration is comparable to that obtained 
with a meat diet, approaches that given by a high carbohydrate diet, 
is definitely less than with a full mixed diet, but gi eater than with 
a fat diet or with fasting 

The livei repair on gelatin feeding emphasizes again the important 
fact that the body is able to conserve certain ammo acids or split 
products from its endogenous wastage products and recast these groups 
into the complex liver cell 



STUDIES IN THE RESPONSE OF THE CIRCU- 
LATION TO LOW OXYGEN TENSION IV 


V SPIIY G>ICGR APIIIC STUDY OF THE PULSE DURING THL 
REBREATHER TEST 

N C GILBERT, MD, \nd CHARLES W GREENE, PhD 

CHICAGO COLUMBIA, MO 

In the examination of candidates to be placed on a flying status, 
and in the re-examination of aviators, it has occasionally happened 
that sufficient weight has been given to the occurrence of in egulanties 
m the pulse to disqualify the subject foi a flying status, or to give him 
a lower rating than that to which he would otherwise be entitled Some 
apprehension has also been expressed in regard to the development of 
arrhythmias at lowered oxygen tension 

The work in this paper was to determine what, if any, were the 
effects of lowered oxygen tension on the rhythm of the heait, as deter- 
mined by means of the spliygmograph The tests were done at the 
Medical Research Laboratory of the Air Sen ice, at Hazelhurst Field, 
Mineola, Long Island, N Y The subjects were for the most part 
atiators appearing for discharge, after varying periods of service 
These were supplemented by a few from the laboratory personnel In 
a body of men of as carefully selected physical types as found in the 
air service, our work was necessarily confined to subjects with very 
normal cardiovascular mechanisms 

The subjects were all given a preliminary physical examination 
befoie the low oxygen test ivas made The test was made on the type 
of rebreathmg apparatus m use m the United States Army'- for the 
examination and classification of aviators This apparatus has been 
fully described elsewhere 1 In the test by the rebreathei method the 
respiratory system of the subject is part of a closed circuit of known 
capacity, so that as oxygen is consumed at each respiration, a lowered 
percentage results m the air chamber from which the subject breathes 
The expired air is freed of carbon dioxid by passing through a potas- 
sium hydrate cartridge on its return to the air chamber The oxygen 
percentage is estimated from the air remaining in the tank at the close 
of the test, and from this the altitude is estimated A Mackenzie ink 
polygraph uas attached to the left arm of the subject Tracings w r ere 
taken for one minute duration at five minute intervals, or m about 

I Henderson Yandell and Seibert, EG T A M A 71 1382 (Oct 26) 
1918 
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one-halt of the cases taken almost continuously, periodic interruptions 
being necessary to adjust the instrument following movements of the 
subject, and to peinut the taking of roentgenograms for cooperative 
work done by Majors Lewald and Turrell,- to show the variation m 
tlie sue of the heart under decreased oxygen peicentagc 

The pulse rate and the systolic and diastolic pressures were taken 
at two minute intervals for the first fifteen minutes, and subsequently 
e\ei\ minute The respiration w f as iccorded by means of a spirometer, 
and the minute \olume of air estimated m deciliters, as described 
elsewhere " 

EXPERIMENTAL RESULTS 

The reaction of the pulse rate to decreased oxygen tension has been 
described by Major Schneider 2 3 4 5 and by the wwiters m the pieceding 
paper of this series’' The present work has brought nothing new in 
that relation except where the rate was taken continuously by means 
of a polygraph the increase m rate showed an eienly rising curve, 
without the periodic carnations m rate obserced in curies plotted from 
the rate as estimated by counting the pulse at the wiist for twenty 
second periods each minute 

In general, there was a slight and eery gradual increase in rate 
until the latter part of the test As the oxygen want was more acutely 
felt a marked acceleration began and increased as the test piogressed 
A terminal fall in rate occurred m six cases The mechanism and 
significance of this fall has been considered by r us in another paper 
based upon an electrogiapluc study' of the pulse during the rebieathei 
test 

The systolic and diastolic pressuies followed the same general 
course as described by Schneider Figure 1 show's typical curies of 
pulse rate, blood pressure and deciliteis of air per minute 

Because of the large part played by mechanical factors, it is not 

felt that any great stress can be placed on the contour of the pulse 

tiacing, or that any detailed attempt can be made to coi relate it wnth 
the piessure curves Conditions of adjustment and of pen ptessuie 
u'eie kept as uniform as possible, but in tests lasting from tw'enty to 
thnty minutes, w'heie several readjustments w r ere always necessaiy, 
vanations w r ere unavoidable In general it u'as obseived that the 
amplitude of the jiulse wave increased during the test as the cardiac 
lesponse inci eased and as pulse pressuie changed This is w'ell show'll 

2 LeWald, L T, and Turrell, G H Am J Roentgenol 7 67, 1920 

3 Manual of the Medical Research Laboratory, Sutgeon-General's Office, 
Division of Aereonautics, U S Army 

4 Schneider, EC J A M A 71 1382 (Oct 26) 1918 

5 Greene, C W, and Gilbert, N C Arch Int Med 27 517 (May) 1921 
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in Figure 2, in which sections of the pulse tracing are shown taken at 
intenals through the test In a few cases where signs of circulatory 
inefficiency appeared before or with the signs of psychological ineffi- 
ciency, the amplitude of the pulse wave decreased at the termination 
of the test This is shown in Figure 3, where the preceding cuives had 
been similar to those in Figure 2, I, J, and K 



DICROTISM 

Dicrotism of varying degree was frequently present throughout the 
entire test but bore no relation to the efficiency of the cardiac response 
or to the altitude reached When not present at the beginning of the 
test it frequently appeared during the latter part of the test and as the 
systolic pressure rose It was almost invariably present at the last few 
minutes of the test, when the systolic pressure was elevated or rising 
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and the penpheral resistance was deci easing, as evidenced by a falling 
diastolic piessuie and a decrease in the intensity of the second aortic 
tone 

The increase of dicrotism with increased pulse pressuie gives fut- 
thei evidence that a diciotic pulse is not clinical evidence of a decreased 




Fig 2— Sections from a typical tracing A, preliminary tracing, B, 5 min- 
utes , C, 7 minutes, D, 12 minutes, E, 17 minutes, F, 20 minutes, G, 23 min- 
utes, H, 25 minutes, I, 27 minutes, J, 30 minutes, K taken just as test was 
terminated because of psychologic inefficiency at 32 minutes and 33 seconds 
L, taken directly after conclusion of test, time m one-fifth second 

pulse tension or a lowered catdiac response, a view that one occasionally 
hears expressed The degree of dicrotism increases (a) with mci eased 
arterial tension, (b) with decreased penpheial resistance As stated 
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b\ Mackenzie, r “the piesence of a dicrotic wa\e is evidence of the 
retention of an important amount of arterial tension ” When the 
cardiac response decreases the dicrotic wave disappears (Fig 4) 





Figure 2 B 


Hyperdicrotism appeared under identical conditions when the pulse 
accelerated during a dicrotic pulse Hyperdicrotism is under these con- 
ditions a direct function of the rate as shown by Mackenzie This is 
illustrated in the tracing m Figure 5, where it tends to disappear as 

6 Mackenzie J The Stud} of the Pulse, New \ork 1902 
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the pulse slows in expiration The presence or absence of dicrotism 
did not correlate in any way with the final endurance limit, as expressed 
in altitude reached 


Fig 3 — Tracing taken just as the test was terminated because of ps\cho- 
logical inefficiencj at 36 minutes and 26 seconds 
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Fig 4 — (a) Tracing at 27 minutes showing dicrotism Subject respond- 
ing well (b) Tracing taken just as subject w*as taken off of test because ol 
impending unconsciousness Dicrotic wa\c has disappeared 


Fig 5 — Dicrotic waves become lnperdicrotic as pulse accelerates during 
inspiration, at 17 minutes 


Fig 6 — Traube-Hering waves 




Fig 8— Showing a few slightly alternating beats just before the test was 
terminated at 30 minutes, because of impending unconsciousness 

Traube-Iiermg waves appealed m several cases during the second 
half of the test becoming more pronounced as the test progressed, and 
disappearing as respiration returned to noimal after its conclusion 
(Fig 6) In a few instances they w r ere present tluoughout the test but 
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increased m height as the test progressed, and respiratoiy response 
increased They have no bearing upon the altitude reached Mayei 
curves, reported in cases of asphyxia, weie not observed 

SINUS ARRHYTHMIA 

All of the eighty-one subjects on whom tiacmgs weie taken showed 
some degree of sinus arrhythmia, both befoi e and during the entire test 
(Fig 7 ) 

The difference m length between the longest and shortest beats in a 
given period measured in hundredths of a second, was taken as an 


TABLE 1— Pulse Rate and the Degree of Sinus Arrhythmia, in the Pre- 
liminary Tracing, in the Four Quarters of the Test, at the Point or 
Termination of the Test, and in the Recovery Period 
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05 

55 
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28 

82 
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67 
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45 

45 
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GO 
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81 
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20 
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35 
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28 
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78 

78 
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25 

25 

10 

05 

00 

20 

ol 

24 

23 
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71 

78 

82 

88 

96 
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40 

40 

40 

40 

25 

05 

40 
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25 

78 

78 

78 

87 

90 

99 

105 

90 

20 

20 

15 

10 

00 

00 

25 


20 

29 

84 

74 

■01 

81 

87 

93 

96 

90 

35 

30 

35 

25 

25 

15 

20 

26 

27 

28 
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78 

84 

90 

90 

66 

56 

25 

25 

10 

10 

10 


30 

22 

28 

26 

79 

66 

69 

78 

68 

93 

no 

90 

25 

30 

40 

40 

10 

OO 

25 
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29 

22 

77 

68 

80 

76 

HU 

wm 
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74 

25 

20 

20 

15 

05 

05 

20 

3’ 11 

30 

24 

75 

86 
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96 

87 

90 
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84 

20 

25 

30 

so 

10 

05 

20 

30 14 

31 

27 

72 

62 

66 

66 

66 

78 

84 

60 

20 

20 

20 

20 

10 

10 

20 

34 17 


index of the degree of the sinus arrhythmia during that period This 
was measured m the preliminary tracing taken before the test, and at 
five minute mtenals during the test, and charted with the pulse late at 
the corresponding period 

Of seventy-three cases thus charted, forty-one, or 56 pei cent , 
showed an increase in sinus arrhythmia as the respiratory lesponse 
increased m the earlier portion of the test This increase in the degree 
of the sinus arrhythmia continued while the heart was .accelerating 
moderately but as the pulse accelerated moie markedly in the latter 
part of the test, the degree of sinus arrhythmia decrea c ed to about it8 
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TABLE 2 — Pels* Rut and tiii Decret of Sinus Arrhythmia in the Pre- 
limin \r\ Tkncing \t Fivi jMinuti Jntirnais During thi Ti st, af tiie 
Point or Tfrmin \tion or tiif Test, and in the Recovirt Period 



TABLE 3 — Primvture Vi n trice iar Contractions 



Ppi cent ape 

Time, Premature Pulse 

Minutes Vontiienlnr Rate 

Contrnctfons 



Pci eentape 
Time, Pi < mature 
Minutes Ventricnlni 
Conti actions 











































696 


ARCHIVES OF INTERNAL MEDICINE 


initial value or less Theie was no fixed rate at which this decrease 
began, and m different mdmduals it was found at different rates 
between 62 and 96 

In fifteen cases there w r as a decrease m the degree of sinus 
arrhythmia on the commencement of the test, and a further decrease in 
degree as the test progressed and the rate accelerated In fourteen 
cases there w r as no change m the degree of the sinus arrhythmia until 
the pulse accelerated in the latter part of the test, when the degree 
decreased In turn cases there w r as an increase in the degree of sinus 
arrhythmia in the first part of the test, then no further change In one 
of these, Case 12, the mciease w r as slight, and the pulse did not accel- 
erate beyond a rate of 75 The other, Case 74, also showed a slight 
increase in the degree of sinus arrhythmia, with a rapid pulse rate 
throughout the test, beginning at 104 and finishing the test with a rate 
of 116 One case only showed no change m the degree of sinus 
arrhythmia at all, Case 45, but in this case the pulse rate did not 
accelerate orer 70 at any time duung the test 

In general, then, sinus arrhythmia showed a tendency to increase as 
the respiratory response increased, due, presumably, to effects operat- 
ing on the vagal mechanism This was followed by a decrease m the 
degree of sinus arrhythmia as the pulse accelerated m the latter part of 
the test In some instances, observed during the routine examination of 
aviators, before the present series was run, cases of sinus arrhythmia 
were seen so maiked as to present a \ery lnegular pulse, wheie the 
respiratory phases were difficult or impossible to detect, and where 
there was a possibility of confusion with a more serious arrhythmia 
In all of these cases the arrhythmia unproved or disappeared as higher 
altitudes were reached and the pulse rate accelerated 

The appearance and character of the sinus arrhythmia was checked 
against the altitude reached, the minute volume of lespiration, lespira- 
tory irregularities, and the depth of respiration, but all without any 
apparent correlation 

PREMATURE VENTRICULAR CON1RACTIONS 

Premature ventricular contractions were observed m only two 
aviators before taking the rebreather test, out of a total of seventy- 
eight on whom graphic records were obtained with the polygraph, or 
about 2 6 per cent Both were normal men without any demonstrable 
cardiac pathology, and each made a normal response to lowered oxygen 
tension Four others showed one or more prematuie contractions 
during the test In addition three men from the laboratory personnel 
wdio were known to hare frequent premature \entncular contractions 
■volunteered to take the test Of the anators who developed premature 
ventricular contractions during the test one showed one such beat only 
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after 12 minutes, with a pulse of 64, one at 12 minutes, with a pulse 
rate of 90, and one interpolated beat after the conclusion of the test, 
with a pulse rate of 84 The other subject showed one premature ven- 
tricular contraction beat at 12 minutes, with a rate of 66, one at 17 
minutes with a rate of 69, and one at 20 minutes with a late of 76 
The pulse accelerated to 94 w ltli no further ectopic beats 

The other cases are best shown m the accompanying tables The 
prehminaiy tiacing before the test is indicated by “Pr,” and the time 
at which the tracing was taken when the piemature ventricular con- 
tractions were observed is indicated The incidence of the premature 
ventricular conti actions is expressed as the percentage of the total 
number of beats for the period obsened “Off” indicates the termina- 
tion of the test, after which anothei tracing was taken during the recov- 
erv period 

Sgt W ■was the onl) case showing any cardiac pathology He 
gave a history of tonsillitis 3 early, usualty two 01 three attacks each 
year, until April, 191S, when a tonsillectom)' w r as pei formed while 111 
the aimy Since this time he has felt much better, and has gained 15 
pounds in weight He had influenza 111 France 111 Decembei, 1918 He 
has had at no time any symptoms referable to the heart The heart 
w r as found to be slightly enlarged on physical examination There was 
a presyslolic thrill and murmur at the apex, with an accentuated mitral 
first tone, and an accentuated pulmonic second Extia systoles w^ere 
present at examination for entrance into the army, and later while in 
sen ice he was referred to a special board because of them, but was 
passed for duty In this case the premature \entncular systoles reap- 
peared at 28 40, and w r ere still present at 29 30, w r hen the test was ter- 
minated by unconsciousness 

Capt O , of the laboratoiy personnel, showed 2 2 per cent of pre- 
mature ventricular contractions in the preliminary tiacing before the 
test, at a rate of 60 At all times when pieviously examined he had 
shown the same ectopic beats in varying degrees of fiequency With 
the beginning of the test they disappeared at a rate of 75, and only one 
such beat was found during the test, at 8 minutes at a rate of 84 We 
had a similar experience until Capt O dm mg a test in an electrocar- 
diographic series yet to be reported 

From the cases shown it will be observed that there is a tendency 
for the incidence of the premature ventricular contractions to increase 
as the test progresses and the respiratory response increases but only 
m the earlier periods of the test As the pulse accelerates the incidence 
decreases and they finally disappear The exception is Sgt W 111 
whose case there was i eason to assume a pathologic basis 
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In a senes of several hundred cases given the official low oxygen 
test from Oct 4, 1918 to May 7, 1919, where one of us either exam- 
ined the cases pei sonally, or was in immediate touch w ith the examina- 
tion through his associates, no case of ectopic beats -was observed in 
which the extra-systoles did not disappear befoie the termination of 
the rebreather test 

It is not felt that premature ventricular conti actions are of them- 
selves of pathologic significance They tend to disappear as the heart 
responds in rate to the increased demands upon it, and as the non- 
lefractory period is reduced by this increase m late, as in exercise 
Premature ventricular contractions should not of themselves be a basis 
for rejection in examinations for a flying status, or used as a basis for 
a lowered rating in the classification That such extra-systoles have 
little influence m reducing the mechanical efficiency of the heart has 
been recently shown experimentally by Eyster and Swarthout 7 

PULSUS ALTERNANS 

Pulsus alternans was watched for with especial care, and more pai- 
ticularly just before the test was terminated because of impending 
unconsciousness, when there might be reason to expect that the heart 
late was out of proportion to its strength In one case a few alternat- 
ing beats were observed at a rate of 95 The difference m height of 
the waves is very slight, as shown in Figure 8 One other case was 
observed 

The physiologist taking the blood pressure at one minute intervals 
in all of the routine cases examined had an excellent oppoitumty to 
detect alternation of the pulse The fact that cases have not been 
observed at any tune in taking the pulse and systolic pressure would 
indicate that it is a lare phenomenon at best 

We wish to make acknowledgement to Lieut -Col L H Bauei, officer in 
charge of the Medical Research Laboratory, and to our colleagues of the 
laboratory for cooperation and assistance 

7 Ejster, J A E, and Swarthout, E C Arch Int Med 25 317 (March! 



THE USE OF A HIGH FAT DIET IN THE 
TREATMENT OF DIABETES MELLITUS " 


SECOND P \PER BLOOD SUGAR 
L H NEWBURGH, MD and PHIL L MARSH, MD 

ANN \UBOR, MICH 

In a previous communication 1 w e discussed m outline the advan- 
tages of the use of a high fat diet m the treatment of diabetes melhtus 
We reported briefly the iesults of an investigation of the effect of a 
diet whose energy came lat gely fiom fat, to which was added sufficient 
protein to maintain mtiogen balance and the minimal carbohydrate 
necessitated in making up a diet that a human being can eat over a long 
period of time It was shown that with such a diet, glycosuria was 
atoided in severe diabetics, and that acidosis was not pioduced 

The first paper stated the method employed and, in a general way, 
the results obtained Freedom from glycosuria, however, does not 
necessarily mean normal glyccmia In this communication we shall deal 
with the effect of this type of diet on the blood sugar 

Blood sugar determinations, sufficiently numerous to permit drawing 
conclusions concerning the eflect of the diet on glycenna, aie available 
in foi ty-fh e cases We include in this group every case in which such 
a series of determinations has been made, and have omitted only those 
whose blood sugar determinations have been too few to he of signifi- 
cance A few patients left the hospital on higher diets than those shown 
m the tables, but as corresponding blood sugar determinations are not 
available, the tables for such individuals stop with the last blood sugai 
reading 

These cases are presented m four gioups The first tlnee groups 
(Tables 1, 2 and 3), consisting of forty cases, show a satisfactory 
response of the blood sugar to the treatment The fouith group (Table 
4) comprises the five cases in which blood sugai s did not reach a 
desirably low percentage Of the forty satisfactoiy cases, those com- 
plicated by chronic nephi ltis have been brought together m Table 2, and 
those m which diets vaned at times from oui standard are presented 
in Table 3 


51 From the Department of Internal Medicine, Medical School, University of 
Michigan 

1 Newburgh, L H , and Marsh, P L The Use of a High Fat Diet in the 
Treatment of Diabetes Melhtus First Paper, Arch Int Med 26 657 CTulv) 
1920 



1 ABLE ] — Oses Showing Satisfactory. Risponsl oi Blood Sugar 

to Treatment 
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1 A.BLE 1 — C\sis Shoxvimi S \Tiid - \ctori Rfspoxsi of Blood Sugar 
to Trfatmfnt — ( Continued ) 
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1 ABLE 1 — Cases Showing Satisfactory Response of Blood Sugar 
to Treatment — ( Continued ) 
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The twenty-eight cases contained in Table 1 show that a high fat 
diet such as we hate used is capable of bunging the blood sugar down 
to normal and keeping it at that le\el dui mg the penod of observation 


TABLE 2 — Response to Trcvtment or Blood Sugar in Diabetics 

with MuucrD Nephritis 
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130 

10 

1 409 



r >G 

7 

0 11 






! 

i l(iS lbs 

0 

0 12 

1 




25 gm bread added 









later caused glvco 









suri i 

33 

10131 

1 

0 30 

l 10 

95 

10 

OCO 



Female 

5 


42 

133 

10 

1 1,300 



GO 

7 

0 145 

, CO 

r>o 

10 

1,700 



131 lbs 

10 

0145 







| 

13 

0 125 


t 




31 

j 19 81 

1 

0 425 

16 

! 93 

10 

900 



i Female, 31 

(> 

0115 

40 

■ no 

10 

1,200 



! 175 lbs 

7 

0120 


\ 




35 

21-19 

i 

0 30 

1 ic 

03 

14 

950 



Male 

r > 

0 15 






76 

0 


23 

135 

20 

1,400 


133 lbs 

9 

0 22 


1 


' 



, 10 

0 20 

30 

1 180 

25 

1,900 , 



14 


33 

! 230 

30 

2,400 i 



18 

, 018 




1 



28 

, 0 123 

1 


1 


1 1 

i i 


The seven cases presented in Table 2 are separated from the lest 
because of the well known fact that chiomc nephntis m diabetics tends 
to keep the blood sugar at an abnormally high level 2 These patients 


“ Meyers, V C , and Bailey, C V The Lewis and Benedict Method foi 
the Estimation of Blood Sugar, with Some Observations Obtained m Disease 
J Biol Chem 24 147, 1916 Bing, H J , and Jakolson, B Blutuntersuchungen 

unter normalen u emigen pathologische Yerhaltmssen, Deutsch Arch f klm 

Med 113 571 1914 Hopkins, A R Studies m the Concentration of Blood 
Med^Sc" lir^tlS 1318 ^ 6 &S Determmed b - v Bang’s Miciometbod, Am T 
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all had a se\ere nephritis as shown by decreased output of phenolsul- 
phonephthalem, hypertension, high blood urea and the persistence of 
albumin and casts m the urine days after the disappearance of the 
glycosuria It is of special interest to note that the blood sugar of each 
of these individuals is brought to a point well within normal limits 
The six cases in Table 3 show well the occurrence of hyperglycenva 
lesulting from diets high m protein and the reduction of the blood sugar 


TABLE 3 — P ytients Treited by Varying Regimes 


No 

Oise 

Day 

i Blood 
Sugar 
per 
Cent 

Pro 

tein, 

Gm 

Fat, 

Gm 

Car- 

bohy- 

drate, 

Gm 

Calories 

Bern arks 

36 

18-382 

1 


200 

135 


2,0/5 

“Von Noorden” diet 


Male 

3 

0 275 







30 

6 

0 215 







118 lbs 

8 


16 

100 

10 

1,000 

High fat diet 



14 


52 

220 

10 

2,225 




17 

0127 

i 







18 


62 

315 

10 

3,100 




20 

0155 








30 

0113 






37 

18-613 

1 


200 

135 


2,075 

"Von Noorden” diet 


Female 

9 

0 400 







35 

10 


16 

100 

10 

1 000 

High fat diet 


117 lbs 

12 

0 230 








13 


30 

135 

10 

1,400 




16 

0166 






38 

18-657 

1 


200 

135 


2 075 

“Von Noorden” diet 


Female 

2 

0 214 

16 

100 

10 

1,000 

High fat diet 


46 

6 


42 

155 

10 

1,600 




10 

0130 








12 


200 

135 


2 075 

“Von Noorden” diet 



13 

0 200 








16 

0 220 






39 

19-165 

1 

0 273 

16 

95 

10 

9C0 



Male 

3 

0145 







75 

4 


45 

160 

12 

1,700 



180 lbs 

5 

0130 








6 


70 

160 

12 

1 800 

The excess of pro 



7 

0180 





tein caused a hy 



9 

0160 





perglycemia 



15 ! 

0140 






40 

19-56 

i 

0500 

16 

95 

10 

960 



Female 

7 


22 

100 

10 

1,025 

Urine sugar free 


53 

8 


34 

no 

10 

1,150 

after the fifth day 


168 lbs 

11 


37 

130 

23 

1,400 




13 

0135 








14 


50 

120 

22 

1,375 




15 

0195 








16 


37 

130 

23 

1,400 




18 

0130 

50 

120 

22 

1,375 




19 

0190 

50 

120 

35 

1,400 




23 

0170 








24 

0185 







to within normal limits subsequent to the use of a diet low m protein 
and high m fat Case 40 is especially instructive in this respect After 
four days on a diet containing 37 gm protein and 1,400 calories, the 
blood sugar was 0 135 per cent , after an increase of the protein to 50 
gm , Y\ith a slight decrease in carbohydrate and total calories, a hyper- 
glycemia of 0 195 per cent is noted A return to the former diet 
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brought the blood sugar down to 0 130 pei cent wdnle the substitution 
of the second diet again produced a hyperglycemia of 0 190 per cent 
The five cases in Table 4 are those in which response to treatment 
was not satisfactory Two of these (Cases 42 and 45) had se\ere 

TABLE 4 — Pvtients Not Responding Satisfactoriet to Treatment 


No 



Blood 

Sugar 

per 

Cent 

PlO 

tein, 

Gm 

rat, 

Gin 

1 

Car- 

bohy- 

drate, 

Gm 

Calorics 

Remarks 

41 

19-410 

1 

0 32 | 

10 

97 

10 

1 000 



Male 

4 

0 30 , 


1 





IS 

0 

0 29 







°0 lb= 

8 

0 24 


1 






11 

0 20 


! 






12 






Broke diet 



13 

0 42 


t 






18 

0 23 j 


i 






21 

015 


j 






20 


25 

140 ! 

10 

1 400 



28 

010 


1 




! 

33 

0 15 


1 



Patient in N bal 


38 

013 

37 

190 j 

10 

1,900 

anee, left the hos 

! 

39 

015 





pital in excellent 



41 

018 


1 



condition 



i DO 

015 








1 51 


37 

105 | 

10 

1 GT") 




, 57 

015 








1 01 


2 S 

100 

10 

1 G00 




i 04 

015 






42 

19 229 

| 1 

0 375 

10 

95 

10 

900 

Fnr nd\ nnced squa 


1 emal< 

! r ‘ 

0187 





mons cell card 


94 

! o 

0100 





noma ot uterus 


120 lbs 

1 7 

0 215 





Discharged against 









advice 

43 

20-423 

1 


10 

100 

10 

i roo 



Male 

4 

0 20 







G3 

9 

010 







SI lb* 

15 


28 

140 

20 

1 400 




23 

0 15 








20 


34 

100 

23 

1,700 




28 

010 






44 

19 203 

1 

0 400 

10 

93 

10 

900 



Male 

, 0 

0120 







01 

7 


1G 

130 

10 

1,300 



149 lbs 

, 11 

0120 








« 13 

0 275 





Urine sugar free 



1 15 


30 

200 

21 

2,000 




, 21 

0 225 





Urine sugar free 



' 27 


9 

155 

31 

1,000 




29 

0150 





Left liosp against 



34 

0 200 





advice 

4“ 

20 311 

1 

0 400 

10 

100 

10 

1,000 

Cerebrospinal sypli 


Male 

1 3 

0 135 





ills 


40 

' 7 

0 100 







121 lbs 

8 


21 

150 

11 

1,500 




1 9 

0125 







« 

1 15 

0140 








, 18 


48 

240 

13 

2,500 




J 20 

0170 








1 29 

0100 







complicating diseases We suspected but could not pro\e that one 
patient (Case 44) w^as not adhering to his diet, we can gne no othei 
explanation for the rise in his blood sugar from 0 120 to 0 275 pei 
cent between the eleventh and thirteenth days, m the absence of any 
change in diet on our part 








NEW METHODS FOR ESTIMATING ENZYMATIC 
ACTIVITIES OF DUODENAL CONTENTS 
OF NORMAL MAN 1 

C W McCLURE, MD, A S WETMORE 

AND 

LAWRENCE REYNOLDS M D 

BOSTON 

In a foxmex papex 1 refereixce was made to the need of data con- 
cerning details of the physiology of the human gash omtestinal tract m 
order that expei imental observations on the functional pathology of 
the lattei might be moie intelligently interpreted The present com- 
munication is a continuation of physiologic investigation of the alimen- 
taiy canal m normal man, and deals with methods foi the study of the 
enzymatic activities of the duodenal contents 

A resume of most of the methods which have been used for such 
studies m the past is given m the appendix of the book of Eulei 2 The 
methods, or their modifications, which have been used most frequently 
in investigation m clinical medicine are as follows 

Piotcolytic enzymes — Methods of Gioss J and Mett 1 The method 
of Gioss is a modification of one devised by Volhaid n It is based on 
the principle that from faintly alkaline solutions (0 1 pei cent sodium 
carbonate) casein is pi ecipitated by dilute acids (0 1 per cent acetic 
acid), while the digestion products remain m solution More recently 
this method was modified by Spencer 0 The Mett method is the well 
known one of measuring the lengths of coagulated egg albumin m 
capillaiy glass tubes before and after placing them into a solution of an 
enzyme This method has been modified by Einhoin 7 

Lipolytic enzyme — Ethyl butyi ate method Tins method is based 
on the development of butyric acid by lipase and the determination of 
the acidity developed by titration with tenth normal sodium hvdroxid 

* From the medical clinic and radiographic department of the Peter Bent 
Brigham Hospital 

1 McClure, C W , Reynolds, L and Schwarz, C O Arch Int Med 26 
410 (Sept) 1920 

2 Euler, H Geneial Chemistry of the Enzymes, Translated by T H Pope 
New York, 1912 

3 Gross, O Arch f exper Pathol u Pharmakol 58 157 1907, Deutsch 
med Wchnschr 35 1706, 1909 

4 Mett Loc cit , Footnote 2 

5 Volhard, F Munchen med Wclmschr 54 403, 1907 

6 Spencer, W H J Biol Chem 21 165, 1915 

7 Einhorn M Med Rec 82 650 905, 1912 
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Amylolytic enzymes — Method of Wohlgemuth 8 The Wohlgemuth 
method is based on the production of eijthrodextnn in starch solution 
(alkaline with sodium carbonate) The presence of eiythiodextnn is 
determined by the color produced on the addition of a solution of 10 dm 

All methods which have been applied to the estimation of the 
enzymatic activities of the duodenal contents ,ne open to senous cuti- 
usm, which will be discussed later Undei these circumstances it was 
deemed necessary to dense new methods Methods have finally been 
dewsed which combine delicacy, unifoimity and propoitionahty of 
enzymatic activity and accuracy of estimation of the amount of enzyme 
action Uniformity and proportionality of enzymatic activity have 
been obtained by regulating the lattei with phosphate mixtures The 
amount of enzyme action for the pioteolytic and amylolytic enzymes 
is estimated by application of the methods of Folin and Wu 0 foi the 
determination of nonpiotein nitrogen with the modification that meta- 
phosphoric acid is used as the protein precipitant, and of sugai in the 
blood The activity of fat splitting enzyme is estimated by detei mining 
the degree of acidity developed m a tine emulsion of cotton seed 
oil, by titrating w'hile hot with alcoholic potash solution, using phenol- 
phthalein as an mdicatoi 

ESTIMATION OF PROTEOLV11C ACT1M r\ ni IUODENAL CONTENTS 

HI V.1XTS 

Phosphate inn tine — Two-tenths molar phosphate nuxtuie of p u 
8 4 is prepared as follow's add 20 cc of a solution of potassium acid 
phosphate [KH„P0 4 ] (CP), containing 27 234 gm to the litei, to 980 
cc of a solution of disodium phosphate [Xa HPO, 2H 2 0 10 ] (CP ) 
containing 35 628 gm to a litei 

Casern 'solution — Neutralize 1 gm (accurate weight) of soluble 
casein 11 w'lth 4 cc of tenth normal sodium h\droxid solution and add 
100 cc of the 0 2 molar phosphate mixture By the aid of heat and 
Mgoious lotation of the flask dissohe the casein completely This is 

8 Wohlgemuth, J Biochem Ztschr 9 1 1908, Berl khn Wchnschr 47 
92, 1910 

9 Folin, O, and Wu, H J Biol Chem 38 81, 1919 

10 The usual C P preparations of disodium phosphate, obtainable on the 
market, contain twelve molecules of water (NaiPHCh 12 H 2 0) Such prepara- 
tions should be thoroughly triturated in a mortar, and then air dried by spi end- 
ing out on large filter papers in the open room In from twelve to fourteen 
da} s the salt will lose ten molecules of w-ater and then will be suitable foi 
use as disodium phosphate (Na^HPCh 2H-0) Phosphate mixtures containing 
the salt prepared in the manner described v ill gne proper p u as determined 
by the use of the potentiometer 

11 The preparation of casein used was one furnished by Dr A W 
Bosworth, made according to the method devised by himself and L L Van 
Styke, Jour Biol Chem 14 203, 1913 
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done by adding the phosphate mixture to the casein m a dry flask and 
rotating quickly to pre\ ent the formation of a doughy, relatively insol- 
uble mass The sodium hydioxid solution is then added and, con- 
tinuing- the rotation, the flask is heated over a small flame to 57 C , 
i emoved from the flame and rotated until the casein has dissolved 

Twenty-five pei cent mctaphosphouc acid solution 12 The prepaia- 
tion of metaphosphoric acid usually obtained on the market should be 
fused in a graphite mortar until the white fumes of phosphorus pentoxid 
begin to appear The fused material can be cooled conveniently by 
pouring in a clean pie-pan floating on cold water Metaphosphoric acid 
so fused will remain a potent protein precipitant if kept in tightly 
stoppered bottles The 25 per cent solution can be made quickly by 
triturating the desired amounts of metaphosphoric acid and water in 
a mortar 

Digestion imxtwe and Nessler’s solution are prepared as directed by 
Folm and Wu, 9 the standaid ammonium sulphate solution as directed 
by Folm and Denis 12 

Method — The duodenal contents are centrifuged until a clear or but 
slightly turbid supernatant fluid is obtained The latter is decanted into 
a clean tube In a 50 cc volumetric flask place 1 cc of this fluid and 
make up to the mark with 02 molar phosphate mixture solution of 
pn 8 4, and mix thoroughly 

Into test tubes (100x10 mm ) place 9 cc of the casein solution 
Heat m the water bath at 40 C for five minutes Then add 1 c c of the 
diluted duodenal contents, mix and incubate m the water bath foi 
thirty minutes at 40 C Now add 2 c c of a freshly prepared 25 per 
cent solution of, metaphosphoric acid, mix thoroughly and filter A per- 
fectly clear, colorless filtrate should be obtained One c c of this 
filtrate is added to 1 c c of the digestion mixture in a Pyrex glass tube 
(200x25 mm ), a quartz pebble is added and digestion is carried out 
according to the micro-Kjeldahl method of Folm and Wu for non- 
pi otem nitrogen m the blood In brief, the method consists of boiling 
oft the water and, when the white fumes of sulphuric acid begin to 
dollop, the mouth of the tube is covered with a watch glass Diges- 
tion is continued for from thirty to sixty seconds after the last trace of 
the browm color has disappeared The tube is then allowed to cool foi 
from sixty to seventy seconds, and from 5 to 10 c c of water are 
quickly added The contents of the tube are cooled, made up to the 35 
cc mark with water and 15 cc of Nessler’s solution added The 
nesslenzed solution is centiifugahzed to get rid of the sediment (the 
sediment must be pure white and not discolored by the precipitation of 
any of the coloring matter), and compared with standard ammonium 

12 Folin, O , and Denis, \Y T Biol Chem 26 491, 1916 
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sulphate solutions (usually containing 0 25 and 0 5 gm nitrogen) These 
are prepared by placing 2 cc of the digestion mixture in a 100 cc 
volumeti ic flask, adding 5 or 10 cc of standard ammonium sulphate 
solution, about 60 cc of water, 30 c c of Nessler's solution and making 
up to the mark with water 

Two controls aie probably necessary for safety (1) 1 cc of the 
diluted duodenal contents and 9 cc of the 0 2 molar phosphate mix- 
ture solution, and (2) 9 cc of the casein solution plus 1 c c of the 
phosphate mixluie In our experience neither of the controls has 
developed moie than a trace of yellow color aftei digestion and nessler- 
lzation 


TABLE 1 — Amounts or Non-Protein Nitrogin Deieiopld from Casein by 
Various Samples of Duodenal Contents 



Amount of Diluted 
Duodenal 

N Developed m 

Dupli- 

No of Sample 

Contents, C c 

cate Analyses, 

Mg 

1 

10 

2 97 


2 

10 

2 99 

3 52 


3 

10 

3 57 

2 66 


4 

10 

2 63 

151 


5 

10 

153 

2 00 


6 

10 

2 03 

147 


7 

10 

146 

2 63 




2 60 



ESTIMATION OT LIPOLYTIC ACTIVITY Or DUODENAL CONTENTS 

RFAGENTS 

Tenth Notmal Sodium Hydioud — Made up in 95 per cent ethyl 
alcohol 

Fat cmuUton — This is prepared by making a suspension of foui 
parts of cotton seed oil, one pait of powdered gum acacia and two parts 
of water according to the method given in the U S Pharmacopeia 
Four hundred c c of this suspension are mixed with 600 c c of water 
and emulsified by running through a fat emulsifying machine at from 
300 to 350 kilo pressure per square cm The emulsion 13 may be put in 
pint milk bottles, hermetically sealed with patented metal caps and 
sterilized at 15 pounds pressure in the autoclave Emulsion thus pre- 

13 Emulsions were prepared for us by Dr A W Bosworth of the Boston 
Floating Hospital 
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pared keeps indefinitely For use m digestion experiments the fat 
emulsion is mixed with an equal volume of the 0 33 molar phosphate 
mixture solution given below 

Phosphate mixtine solution — One-third (0 33) molar phosphate 
mixture solution of p a 8 4 is prepared as follows 53 4425 gm of diso- 
dium phosphate (Na,HP0 4 2H 2 0) are dissolved in exactly one liter of 
water, 20 4255 gm of potassium acid phosphate (KH 2 P0 4 ) are dis- 
solved in exactly 500 cc of water Twenty cc of the potassium acid 
phosphate solution are added to 980 cc of the disodium phosphate 
solution which gives p n 8 4 

Method — One cc of the centnfugahzed duodenal contents are 
diluted to 50 c c with the 0 33 molar phosphate mixture solution Nine 
cc of the fat emulsion phosphate mixture solution are pipetted into 
test tubes (100x10 mm ) The tubes are incubated m the water bath 
at 40 C for five minutes, then 1 cc of the diluted duodenal contents 

TABLE 2 — Acidity Developed in Cotton Seed Oil Emulsion by Various 
Samples of Duodenal Contents from a Man 




Acidity Titrated with 


Amount of Diluted 

Tenth Normal Sodium 


Duodenal 

Hydroxid in Dupli- 

No of Sample 

Contents, C c 

cate Analyses 

1 

10 

24 



23 

2 

10 

09 



10 

3 

10 

20 



20 

4 

10 

21 



22 


is added, the tubes shaken and again incubated for one hour at 40 C 
Then the contents of the tubes are at once poured into small Erlen- 
meyer flasks (about 150 cc capacity), the tubes rinsed with about 20 
c c of 95 per cent ethyl alcohol and the rinsings added to the flasks 
(the ethyl alcohol has first been neutralized with tenth normal sodium 
hydroxid after adding phenolphthalein and titrating cold) Ten drops 
of a 1 per cent phenolphthalein solution are added to each flask The 
degree of acidity developed, due to the formation of fatty acids, is deter- 
mined by titrating with tenth normal alcohol sodium hydroxid, with the 
contents of the flask boiling hot 

A control tube containing 9 c c of the fat emulsion phosphate mix- 
ture solution and one c c of the 0 33 molar phosphate mixture solution 
is to be used 

Under the experimental conditions outlined different samples from 
the same specimen of duodenal contents will develop acidities checking 
within 0 1 c c of tenth normal sodium hydroxid 
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An example of the results obtained by the method are given m 
Table 2 The specimens of duodenal contents were obtained at inter- 
vals over a period of foui houis from a healthy young man All the 
specimens except No 3 were taken from the second poition of the 
duodenum 

ESTIMATION OT All! LOIA TIC ACTIVITY Or DUODENAL CONTENTS 

REAGENTS 

Molybdic acid reagent, copper sulphate mixture and the stock glu- 
cose solutions are piepared according to the dnection given in the 
revised method of Folin and Wu, 14 for the estimation of sugar m the 
blood The dilutions of the stock glucose solutions, which are to be 
used as standards, are made up in 0 1 molar phosphate solution of 
Ph 8 4 

Phosphate mi \ tine solution — Two-tenths molar phosphate mixture 
of pn 8 4 This is prepared m the manner already described (proteo- 
lytic enzyme) 

Stai ch-phosphatc mix tin c solution — Four gm of soluble starch are 
completely dissolved m 100 cc of hot distilled water, cooled and 
diluted with an equal volume of the 0 2 molar phosphate mixture solu- 
tion of pH 8 4 

Method — In a 25 c c \olumetric flask place 1 c c of the centrifuged 
duodenal contents, make up to the mark with the 0 2 molar phosphate 
mixture of pn 8 4 and mix thoioughly 

In test tubes (100x10 mm) place 9 c c of the starch-phosphate 
mixture solution Heat in the water bath at 40 C for 5 minutes Then 
add 1 c c of the diluted duodenal contents, mix and incubate in the 
water bath at 40 C for 30 minutes Incubation may be carried out for 
a period of one hour instead of the thirty minute period, if it is desir- 
able to obtain a larger amount of starch digestion In the meantime 
place 2 c c of the copper solution into the special blood sugar tubes of 
Folin and Wu 1! After completion of the 30 minute incubation period 
pipet immediately 2 cc of the digested starch solution into the pie- 
pared blood sugar tubes, rotate the contents gently and place in boiling 
water for six minutes Then cool, add 2 c c of the molybdate solution, 
make up to the mark, mix and compare the coloi produced with 
standard glucose solutions These are prepared as follows 2 cc of 
the standard glucose solution are added to 2 c c of the copper solution 
m the special blood sugar tubes, boiled along with the specimens for 
analysis and further treated the same as these specimens 

A control of 1 cc of the diluted duodenal contents and 9 c c of 
the starch-phosphate mixture solution should be used , 2 c c being lmme- 

14 Folin, O , and Wu, W J Biol Chem 41 367, 1920 



712 


ARCHIVES OF INTERNAL MEDICINE 


chately pipetted into the copper sulphate mixture to stop the action of 
amylolytic enzyme present 

Only preparations of soluble starch containing very small amounts 
of sugar should be used It is convenient to determine the sugar con- 
tent of a bulk of starch and then to use the preparation for all deter- 
minations In this way the quantity of sugar present m the starch- 
phosphate mixture solution outlined in the method can be calculated 
The amount present is to be deducted from the result obtained after 
the completion of digestion experiment 

Using the method outlined above, repeated estimations of the 
amylolytic activity of the same specimen of duodenal contents has 
always gnen the same result, that is, within the limits of experimental 
error 

TABLE 3 — Sugar Developed from Soluble Starch by Various Samples of 
Duodenal Contents from a Man 



Amount of Diluted 
Duodenal 

Mg of Sugar Developed 

No of Sample 

Contents, C c 

m Duplicate Anahses 

2 

10 

143 

3 

10 

143 

0 79 

4 

10 

0 76 

141 

5 

10 

141 

2 07 

6 

10 

2 07 

0 76 

7 

10 

0 75 

0 97 



0 97 


Table 3 shows the results obtained in duplicate estimations of the 
amylolytic activities of various specimens of duodenal contents from a 
healthy young man 

DISCUSSION 

If methods for estimating enzymatic activities of duodenal contents 
are to be used for clinical investigations, it is considered important that 
in devising such methods the following factors be given full considera- 
tion (1) quantitative accuracy and practicability of procedures foi 
estimating the amount of enzyme action (2) uniformity of enzymatic 
activity, (3) proportionality of enzyme action, (4) stability of an 
enzyme, (5) physical state of the medium m which the enzyme is to act 
All methods previously proposed for the estimation of enzymatic 
activities of the duodenal contents are open to the poignant criticism 
that the five conditions enumerated were not fulfilled In many of the 
methods for determining amylolytic and proteolytic activity the manner 
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of estimating the amount of digestion is not quantitatively accurate In 
the majority of the methods the amount of duodenal contents required 
in the digestion experiments is so large that it greatly lessens the 
delicacy of the methods The stability of the enzymes of the duodenal 
contents under the conditions present m many of the methods is 
unknown, but the experience of the authors makes it seem probable that 
it would be -variable enough to interfere frequently with the uniformity 
of enzymatic action This lenders the accuracy of the results obtained 
by such methods questionable Most of the methods for demonstrating 
lipolytic actiwty call for an initial neutiahzation with NaOH of the 
substance on which the enzyme is to act In our experience this neutral- 
ization has frequently exerted a deleterious effect on the action of lipase 
present in duodenal contents 

During the action of enzymes m solution substances are formed 
which will change the hydrogen ion concentration of the solution, unless 
proper buffer conditions are present The influence of the latter is 
discussed by Sorenson, 1 '’ who points out that enzyme action is influ- 
enced as much by hydrogen ion concentration as it is by temperature 
However, in none of the methods previously proposed for the estima- 
tion of enzymatic activity on duodenal contents was the effect of 
changes m hydrogen ion concentration on enzyme action considered 
For this reason results obtained by these methods will be variable In 
the methods here proposed such variability has been obviated by the 
use of proper molar and p n of phosphate mixtures 

The five important conditions to be considered m methods for esti- 
mating enzymatic activity, outlined above, have been fulfilled in the 
new methods proposed The manner in which this has been done is 
discussed as follows 

1 Accuiacy and piacUcabihty of the mettwds — The methods are 
practical inasmuch as the facilities for their perfoimance are commonly 
present in clinical laboi atones The methods for detei mining the 
amounts of nitrogen and sugar developed are quantitatively accurate 
But the difficulty in the titration of fatty acids is such that the method 
is open to a maximum error of 10 per cent 

2 Umfoi nitty of enzymatic activity — The action of an enzyme was 
considered uniform when, under a certain set of experimental condi- 
tions, the same results were obtained with a given specimen of duodenal 
contents on repeating analyses frequently over a period of the first 
twelve hours after the collection of the specimen This criterion of 
uniformity of enzymatic activity has been met by regulating the lattei 
wnth certain molar and pn of solutions of phosphate mixtures described 
m the section outlining the methods 


15 Sorenson, S P L Biochem Ztschr 21 301, 1909 
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3 Propoi tionahty of enzymatic activity — By proportionality is 
meant the 1 elation existing between the amounts of material digested 
b) varying quantities of an enzyme containing solution The principal 
conditions found which influenced proportionality weie buffer condi- 
tions and undetei mined factors present in different specimens of duo- 
denal contents It was found that, unless the propel buffer conditions 
weie present, the proportionality obtainable was often very slight This 
held true foi lelatively laige amounts of the solution containing the 
enzyme Because of this it may be fairly mfeiied that any constancy 
m pi opoi tionahty obtained by methods preuously pioposed must lep- 
lesent gioss differences in the amounts of duodenal contents used 

The results obtained by the method pioposed for the estimation of 
the activity of amylolytic enzyme have so fai been found to be propoi - 
tional The proportionality shown by the lesults obtained foi proteo- 
lytic activity m different specimens of duodenal contents has varied 
ftom 1 1 5 to 1 18, usually 116, for lipolytic activity from 1 1 5 to 
1 2, usually the lattei Although the propoi tionahty obtained by the 
use of diffetent specimens of duodenal contents vaned, for a given one 
it was constant 

There ai e chemical and physical variations in different specimens of 
duodenal contents, obtained either fiom the same oi difieient peisons. 
and it is probable that certain of these differences modify enzymatic 
activity, since the pioportionality shown by the use of various speci- 
mens of duodenal contents chffeis It may, therefore, readily be con- 
cened that, although the enzymatic activity of given specimens of duo- 
denal contents be made umfoim, neveitheless, the propoi tionahty might 
be generally so variable as to give deceptive lesults There aie two 
obseivations which make it appear as though such deception does not 
occur m the lesults obtained by the use of the methods proposed In 
the fiist place, experience has demonstrated that the proportionality has 
fallen within the limits already given , and, secondly, under similar 
expei nnental conditions the methods proposed have given comparable 
results with thirty diffeient specimens of duodenal contents fiom a 
senes of normal peisons 

4 Stability of enzyme — Obviously, the stability of an enzyme in 
relation to the length of time its action is to be measured must be con- 
sidered m any method for demonstrating uniformity or pioportionality 
of enzymatic activity This means that the action of the enzyme 
studied must be approximately as great at the conclusion of an experi- 
ment as it was at the beginning of the same The criterion of stability 
followed in the experiments here presented has been constancy of both 
the uniformity and degree of proportionality obtained with the speci- 
mens of duodenal contents studied Enzymatic activity of the latter 
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was observed over a period of the first twelve hours succeeding collec- 
tion During this time the activity of the three enzymes studied 
lemained constant, as determined by the use of the methods here pro- 
posed After dilution of the duodenal contents with the solution of the 
phosphate mixture lipolytic activity frequently diminished after about 
four hours, while the amylolytic and proteolytic activities remained 
unaffected a longer period Nevertheless, it was considered advisable 
to use the duodenal contents as soon as diluted and then to discard the 
dilutions 

S Physical state of the medium — In order to obtain comparable 
results the physical conditions under which an enzyme acts must be 
constant One essential reason for this is the fact that the size of the 
surface area of material exposed to enzyme action is a governing factor 
m the amount of the latter which will occur In the methods proposed 
constant physical conditions, under which the enzymes act, have been 
obtained by means of solutions or true emulsions 

In the alimentary canal there is no apparent need foi uniformity 01 
proportionality of enzyme action In vitro conditions aie different and 
it is necessary to produce uniformity and proportionality of enzyme 
action in order to be able to show variations in the quality or quantity 
of the action of enzymes m different solutions In the methods devised 
this has been brought about by conditions dissimilar to those present in 
the human intestinal tract Furthermore, it should be emphasized that 
in these methods enzymatic activity, and not the amount of enzyme 
present, is measured 



DERMATITIS AND ALLIED REACTIONS FOLLOWING 
THE ARSENICAL TREATMENT OF SYPHILIS * 

JOSEPH EARLE MOORE, MD, and ALBERT KEIDEL, MD 

BALTIMORE 

The fact that physicians have frequently failed to appreciate the 
significance of dermatitis following the arsenical treatment of syphilis, 
or to differentiate the rashes of minor significance from those indicating 
grave constitutional disturbances, has prompted us to report the results 
of oui study of a series of such cases of dermatitis and of allied 
reactions Our experience has led us to believe that it is possible to 
divide all untoward reactions of this type into two classes from the 
viewpoint of their significance with regard to the continuation of 
arsenic therapy We also believe that this study throws some light on 
the etiology, course and prognosis of these toxic phenomena, especially 
through the recognition of special factors underlying the constitutional 
disturbances in the graver type of reactions We have, therefore, 
reviewed m some detail twenty-three cases of reactions of this group 
which have occurred within the last six years m the syphilis department, 
in the wards of the Johns Hopkins Hospital, and in private practice 

At the outset we wish to define our use of the term “dermatitis and 
allied reactions ” The term is used to include all skin rashes, and 
ceitain reactions, such as stomatitis and itching, not characterized by 
any demonstrable skin lesion, induced by the chemotherapeutic arsenic 
preparations employed in the treatment of syphilis All of these 
products, including arsphenamm, neoarsphenamm, sodium ai sphenamin, 
silver salvarsan, and sulfoxylate salvarsan, have been observed to 
excite these toxic reactions 

Reactions of this group are generally stated m the literature to be 
rare Fortunately, they are, but in this country, at least, where the 
common European encephalitis is almost unknown, they are the most 
frequent cause of death following the administration of arsphenamm , 
and when not fatal they aie the most distressing and proti acted of all 
arsenic reactions Of ten deaths at the Johns Hopkins Hospital due 
to the arsphenamms, for example, two were cardiac (in patients with 
marked aortic and myocardial lesions), two were from causes unknown 
(probably impurity m the drug used), one was from acute yellow 
atrophy of the liver, and five were from reactions of the dermatitis 
group Among the twenty-three patients which we report there were 

* From the Syphilis Department of the Medical Clinic, Johns Hopkins 
Hospital 
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four whose leactions place them m the “mild gioup” to be described, and 
eighteen in whom there were twenty-one instances of severe reactions, 
resulting m five deaths, a mortality of 2 7 7 per cent Most of the 
remaining thirteen patients with severe reactions were seriously and 
uncomfortably ill, and the average hospital stay exceeded a month 
The incidence of these reactions is well illustrated by the figures of 
Harrison 1 and of Parnell and Fildes 2 The former found, m about 
80,000 injections of arsphenamm pioducts m 10,000 syphilitic patients, 
124 cases of dermatitis, of which twenty-six were severe, twenty-four 
moderately se\ere, and seventy-four mild or fleeting There were 
eight deaths Parnell and Fildes noted thirty-eight cases of dermatitis 
m 1,250 men receiving 6,588 injections of neoarsphenamm These 
figures indicate that one of every 645 injections of aisphenamm, and 
one of e\ery 173 injections of neoarsphenamm, are likely to be followed 


TABLE 1 — Approximate Incidence of Rl\ctions by Years 


Year 

Approximate Number of 
Doses of trsphennmin 
Products * 

Number of Reactions 
of Dermatitis 
Group 

1914 

3,000 

2 

191'. 

'.,000 

4 

1910 

0,000 

o 

1917 

0,000 

2 

1918 

7,000 

— 

1919 

9,000 

i 

1920 

11,000 

10 

Total 

47,000 ; 

21 


* From 1910 to 1911 tlic arsenical preparation in use -was German salvarsan, early in 
1915, tlie diarsenol brand of nrsphenamin Mas substituted Of tlic 47,000 injections noted in 
this table, at least 40,000 were of diarsenol, about 4,000 of salvarsan, 2,500 neoarsphenamin 
(novarscnoben^ol Billon and Dermatological Research Laboratories) Any comparison of 
the number of reactions following the various brands should be viewed with a proper appie- 
cintion of the numbeis of doses of each brand used 


by a reaction belonging to the dermatitis group This is not quite in 
accord with our experience One of us (Moore) was in charge of a 
syphilis clinic in France during the war In the course of about 8,000 
injections of novarsenobenzol (Billon), only nine cases of dermatitis 
were seen, none of them severe In our experience in this country 
only two reactions of this group followed neoarsphenamin 

Table I shows the approximate incidence of leactions m the Johns 
1-Iopkms Hospital by years Two of the twenty-three cases are excluded 
m this table because they resulted from arsenic administered elsewhere 


1 Harrison, L W Critical Review, the Treatment of Syphilis, Quart 
J Med 10 291 (July) 1917 

2 Parnell, R J G , and Fildes, P A Clinical Study of the Toxic Reac- 
tions Which Follow the Intravenous Administration of 914, Publ Med Research 
Com , London, 1919 
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ETIOLOGY 

Race and Sex — Table 2 shows the incidence of reactions by race 
and sex No sex differences are apparent, but there is a striking pre- 
ponderance of white patients when it is considered that the 9,000 
(approximately) patients from whom this material is drawn are almost 
evenly divided between the white and colored races One must con- 
clude that such reactions are about three times as frequent in the 
white as in the colored race — an interesting etiologic observation 

Lesions of Syphilis — As a hypothesis it might be conceived that 
syphilis may produce pathologic alterations predisposing to the produc- 
tion of toxic arsphenamm phenomena For example, endothelial cap- 
illary damage m the early invasive stage of the disease might render 
these small vessels easily permeable and permit the transudation of 
arsenic into the skin in irritating quantities That such endothelial 
injury does take place is well known It is apparently the factor which 
leads to the macular syphilides and edemas which occur during the 


TABLE 2 — Incidence of Dermatitis and Allied Reactions by Race and Sex 


! 

Tjpe of Ruction 

White 

Colored 

Male | 

Female 

Male | 

Female 

Mild uiticarial, erythematous, herpetic 


1 4 

5 



Exfoliative group 

8 ; 

5 

2 1 

1 

Allied reactions 

— ' 

| 1 

i 

1 

Total 

8 1 

10 1 

3 1 

2 


V — y— J 

' , ' 


18 

t 

5 


earlier phases of the infection Furthermore, late involvement of blood 
vessel walls, a not unusual feature of the disease, may interfere with 
an even distribution of the drug in the circulation, leading to toxic 
concentration in areas in which the vessel walls are intact, syphilitic 
interstitial hepatitis may to some extent inhibit the liver function of 
removing arsphenamm rapidly from the circulation, leading to long 
continued contact of the drug with the tissues m a concentration which 
then becomes toxic, foci of syphilitic inflammation may possess a posi- 
tive affinity for the drug, which by overaction might lead to toxic con- 
centration One might speculate at length but we believe the evidence 
we have to offer will at once definitely dispose of such conceptions 
Of about 9,000 cases from which our material is drawn, in approxi- 
mately 20 per cent , or 1,800 cases, the duration of syphilis was less 
than one year, and most of these patients were in the early primary or 
secondary stage In the remaining 7,200 patients the infection was 
more than one year old , and the more deep seated visceral lesions may 
be assumed to have been established The proportionate number of 
doses of arsphenamm given to each group was about the same, an 
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average of from seven to eight per patient In Table 3 the milder 
rashes (urticaria, herpes, fleeting erythemas) have been excluded, 
because the exact numbei of cases of these types is unknown On the 
other hand the numbers given for the macular, maculopapular, vesicular 
and exfoliative i ashes and the allied reactions represent all cases of 
these gioups which have occuired It will be noted that m the 1,800 
early cases, two such reactions occurred, or one in e\eiy 900 patients 
Among the 7,200 late cases, there weie fifteen leactions, an incidence 
of one to eveiy 480 patients If the probable statistical error is taken 
into account, considenng the small number of cases of dermatitis, 
these figures do not show any especial tendency foi leactions of this 
group to appear eithei eaily or late in the disease 

It is fuither worth noting that only one patient with early secondaiy 
syphilis showed evidence of gioss \ asculat damage It was noted in a 
preceding paragraph that reactions u ere three times as frequent m the 


TABLE 3 — Type of Rash in Early \nd Late Cases of Syphilis 



ITirh 

S} plllll« 

Late S\philis (Dination More Than 1 Year) 

Non 
si pin 1 
ltlC 

Rash 

Pn 1 
marj 

Sccon 

dan 

Poslthc 
W asser- 
mann 

Cardio 
r ascu 
lm 

\ 1* 
ceial 

'tertian j ■ 

Skin oi C N S 
Bone 1 

Macular, mnculo 
i»npulnr, mild 
vesicular 


_ 




1 I 1 


t \folmthe 

— 

1 

1 

— 

— I 

1 1 

2 

Stomatitis, iteli 
ing 

1 



. . 

2 

— 

i — i 

— _ 

— 

Total b\ groups 

1 




I! 


1 2 


white as in the colored race Since late vascular syphilis occurs with 
somewhat greater frequency in colored patients, this ratio lends suppoit 
to the view that such blood vessel alterations, at least, play no etiologic 
role Furthermore, the fact that exfoliative dermatitis occurred m 
two patients clinically nonsyphihtic eliminates syphilis as a modifying 
influence upon the reaction 

Dmg implicated — No arsphenamm product which we have 
employed has been found to be free of these toxic eftects Fne of the 
twenty-three patients developed reactions after salvarsan (German 
product) , one after neoarspheiiannn (Metz) (administered by an out 
of town physician) , fifteen after the diarsenol brand of arsphenamm , 
two after the novarsenobenzol (Billon) brand of neoarsphenamin , and 
one after sodium cacodylate 

Association with othei dings — In only five of our twenty-three 
cases was any other drug, in particular mercury or potassium lodid, 
used m conjunction with the arsenical product employed, or even at 
any time near the development of the reaction This point is specifically 
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stated because of the difficulty m the differentiation of drug rashes, and 
the controversy which has raged in Germany ovei the possible identity 
of mercurial and arsenical dermatitis It is, therefore, apparent that 
the arsenical preparation must be regarded as the only drug involved 
in the reaction 

Dosage and nttmbet of doses — Table 4 shows the tendency of 
reactions of this group to appear early m the course of treatment, all 
but four occurring before the seventh injection Contraiy to the 
experience of most other observers, we have seen two reactions of this 
group occur after the first injection of the drug 


PREVIOUS REACTIONS 

This part of the study is of much practical importance It is essen- 
tial to be able to recognize the prodromal symptoms of reactions of this 
group In Table 5 the preparations used, the dosage, and the reaction 

TABLE 4 — Incidence of Reactions of Dermatitis Group, Number of 
Doses of Drug Preceding Reaction 


Reaction After Dose 


Type of Rash 

1 

11 

3 J 

4 

5 

r> 

7 

8 

9 

1 io 

1 H 

12 

18 

Mild urticarial, lierpctie, 
erythematous 

1 




_ 

l 








Exfoliative group 

2 



1 

3 

2 j 

I 

— 

— 


, 

1 

1 

Allied reactions 

— 


ES 

1 

■ 

i 


1 

, 


1 

— 

— 

Total 

3 

4 

4 

2 

3 

3 

1 

— 

— 

— 

1 

1 1 

1 

1 


following each dose are presented in tabulai form It will be noted that 
m six cases there were definite prodromal symptoms, appreciation of 
which should have led to caution in furthei treatment 

One patient (Case 6) who developed a mild maculopapular rash 
after each of two doses of diarsenol, also reacted to neoarsphenamm 
with herpes once, and after each of eight furthei doses, with marked 
malaise, usually lasting several days The malaise seen m retrospect 
was out of all proportion to the size of the dose After the ninth dose, 
the patient developed stomatitis and aplastic anemia and died 

In three patients (Cases 8, 11 and 19) a mild rash was disregarded 
and further arsenic administered In one of these cases there was 
complaint of itching after the third and fourth doses of diarsenol, with 
a mild rash after the fifth , in spite of which a sixth dose was given 
An unusually severe exfoliative dermatitis developed 

One of the patients (Case 12) reacted to four of six doses of 
diarsenol with unusually prolonged periods of fever The seventh 
dose was followed by a fatal rasb The last patient (Case 10) 
developed a stomatitis which was regarded as Vincent’s angina (on 
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insufficient evidence), and treatment persisted in, with the result that 
the stomatitis was markedly intensified and the patient made 
critically ill 

In the other sixteen cases there were no prodromata which seemed 
significant However, we feel justified m calling attention to the danger 
of persistent arsenical therapy if there develops after any injection 
itching, a mild macular, maculopapular or \esicular skin rash, espe- 
cially if there is any tendency to scaling, however slight, stomatitis 
prolonged fe\er, or malaise out of proportion to the dosage 
administered 

Dosage — Table 5 also indicates the dose of the drug administered 
Generally speaking, there is apparent no tendency for skm reactions to 
occur more frequently after large than after small doses For several 
years it has been our custom to give ambulant patients not more than 
0 4 gm arsphenamm or its arsenical equivalent of allied preparations , 
but no diminution in the incidence of reactions has resulted 

Interval between treatments — Though not indicated m Table 5, the 
average inten al between doses was one week In most of the cases our 
routine plan of treatment was followed until interrupted by a reaction 
This consists of courses of arsphenamm alternating with courses of 
mercury, the arsphenamm course consisting of six doses at weekly 
intervals, the mercury course lasting, depending on the stage of the 
disease and the amount of previous treatment, from six weeks to four 
months 

Technic of administration — We are firmly of the opinion that the 
technic of administration of the arsphenamins has no effect in pro- 
ducing reactions of this group In the syphilis clinic of the Johns 
Hopkins Hospital, and m the wards, ample provisions are made to 
guard against technical errors, and the technic has not varied m the six 
year period from which this material is drawn The same may be 
said of the other drugs involved There has been noted no tendency 
for these reactions to occur m groups on special days, when a break m 
technic might have occurred 

Lot of ding employed — In only two instances has any relation 
appeared between the lot of drug employed and the incidence of these 
reactions The second dose of salvarsan (0 45 gm ) given in Case 1 
of Table 5 was half of a 09 gm ampule, the other half of which was 
used m Case 2 This man did not develop a rash, but a week after the 
injection, and for three weeks thereafter, he complained of itching, 
and his blood showed characteristic changes in the leukocytic picture 
Case 12 of Table 5 was one of five patients who each received 06 gm 
from a 3 gm ampule of diarsenol Three of these patients had no 
reaction, the other developed jaundice and a blood picture showing 



TABLE 5 — Drug Used, Dose and Reaction After Each Dose* 


Remarks 

Ji 

>» 

CO 

r ~n 

5<n 

S tr 

£ o 

Su 

O-M 
«M **-< 

w ~ 

U 

G-l 

c? 

o 

tH 

c « 

— cr 

x: o 
cj rz 

•M 
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after dose 3 

! Maculopapul ir rash 3 
days after dose 2, 1 
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hematuria 
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>> 

CS 

*c 
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£ O 
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week after dose 11 

Exfoliative dermatitis 
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days after dose 6 

Progressively severe 
stomatitis after dose 
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*The drugs used are indicated by their initials thus, S is salvarsan, D , diarsenol, N A , neoarsphenamm For each patient there appears first the 
drug administered and the dose, below this reactions are briefly given 
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a large mononuclear transitional increase The lecord of this patient, 
however, is unfortunately too incomplete to include m the present 
series 

With the other patients, no such relation to the lot of drug can be 
traced Twelve of the remaining twenty-one patients were treated m 
the Outpatient Department, and received their injections from the 
same lot of drug as about sixty other patients, none of whom developed 
similar reactions This indicates that any apparent association of der- 
matitis reactions with the lot of drug used is only accidental, and that 
this factor plays no role m their incidence This point is particularly 
emphasized since it practically rules out impurity m the drug as a 
causative factor 

CLASSIFICATION OF LESIONS 

Our twenty-three patients have suffeied from thirty-one reactions 
in this general group These thirty-one reactions have been urticaria 
(six times) erythema (once), herpes simplex (twice), macular or 
maculopapular rashes (five times), exfoliative dermatitis (fourteen 
times), stomatitis (twice), and itching (once) The evidence has per- 
mitted us to classify these different manifestations into a mild and a 
severe group, on the basis of their constitutional manifestations and 
their significance as regards the further treatment of syphilis In the 
mild group fall urticaria, erythema, and herpes, in the severe group 
the macular, maculopapular and exfoliative rashes, itching and 
stomatitis 

Mild Rashes Lhticaua, heipes, eiythema — Only those cases of 
urticaria so severe as to attract special notice have been included in 
this series We have made no attempt to tabulate all such cases in our 
material, and are, therefore, unable to state with accuracy the incidence 
of this reaction Urticaria has long been recognized as one of the 
immediate after effects of the injection of arsenical preparations The 
wheals appear during the injection or within two hours afterward 
Usually, the rash lasts only a few hours, in exceptional cases from 
several days to a week It is common in association with nitritoid 
crises , and, having once occurred, is likely to occur again after repeated 
injection of the same drug This rule is subject to variation Urticaria 
may follow several injections, then disappear, not to occur again, or it 
may occur infrequently throughout a whole course of treatment 

We have observed no accompanying constitutional manifestations, 
except those associated with the nitritoid crisis The temperature is 
normal, and studies of the urine and blood fail to reveal any abnor- 
malities In view of the importance we attach to changes in the blood 
picture in the severe types of reactions, this point has been specially 
investigated m patients with urticaria, with negative results 
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In our experience, the occurrence of urticaria has no significant 
bearing on further aisphenamm therapy In most instances it may be 
disregaided, and more arsphenamm administered with the certainty 
that sooner or later the tendency to hypersensitiveness will be lost It 
js an interesting fact that a patient who develops urticaria after one 
drug will often fail to develop it if a different prepaiation is used 
Thus one patient (Case 18 of Table 5) had \ery severe attacks of 
urticaria aftei the second and thud dose of diaisenol (0 3 gm each), 
but did not develop it at all after five subsequent doses of neoai sphena- 
nnn The prognosis is uniformly good As stated above, no giave 
constitutional disturbances hate been obsened, and no patient has been 
seen who, aftei having had urticana, later de\ eloped a more senous 
dennatitis 

We ha\ e not noted, as has been mentioned by Emery and Morm 3 
and by Saplner, 1 late cases of urticaria coming on several days after 
the injection and simulating serum disease by its association with fever 
and joint pains 

The tieatment of these reactions is that of urticaria in general 
The eruption can be controlled completely by the repeated use of 
epinephrm mtramusculaily, which may also be used as a prophylactic, 
given before the injection of arsphenamm 

Herpes simplex may be attributed directly to the action of arsenical 
preparations It may be severe, as in one patient m whom the chin, 
lips, tongue and buccal surfaces were litei ally covered with large 
herpetic lesions It is rare, only two cases having been noted , and it is 
apparently of no significance as a contraindication to fuither treatment, 
since continuation of arsenic therapy (of both the same and different 
drugs) has been without ill effect m both these patients We have 
seen no cases of herpes zoster 

A fleeting erythematous rash has also been seen in several patients 
The rash is usually a diffuse dusky red erythema, blanching readily on 
pressure, and involving the buccal mucosa as well as the skin It may 
be accompanied by a moderate elevation of temperature Usually it 
fades rapidly and has completely disappeared within three days Fui- 
ther injections of the same and diftetent drugs have been unaccom- 
panied by any reaction 

In both these groups, aside from a mild fever, accompanied often 
by leukocytosis, no constitutional disturbances have been observed 
Studies of the urine, kidney function, and blood have all been negative 

3 Emery and Morin Accidents des arsenobenzenes et anaphylaxie Pans 
med 35 80, 1920 

\ Saphier, J Fin Fah von Salvarsan — Allergic, Munchen med Wchnsclir 
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Macula /, Vcsicitlai and Exfoliative Rashes — The more important 
group includes the macular and maculopapular rashes, vesicular erup- 
tions, exfoliative dermatitis, and certain allied reactions We regard the 
skin manifestations of this group as degrees of the same process We 
have occasionally seen a mild macular rash assume vesicular or exfo- 
liative characteristics 

The time of appearance of rashes of this type varies from twenty- 
four hours to fourteen days In thirteen cases m which the interval 
between the last dose and the appearance of the rash could be deter- 
mined with certainty, the average was 4 6 days The wide variation in 
individual cases is doubtless due to the fact that it is impossible to 
determine the exact effect of any given dose in the production of the 
rash 

The characteristics of the rash have been described so often that a 
too detailed account is superfluous It begins as a maculopapular or 
vesicular dermatitis, often limited to the extensor surfaces of the limbs, 
but rapidly spreading until the whole body (scalp, face, trunk, extrem- 
ities, palms and soles) is involved In the milder cases, particularly of 
the macular or maculopapular type, the process may stop with this, and 
the eruption disappear m a few days Frequently, there is a late fine 
branny exfoliation In the more severe maculopapular, and especially 
the vesicular eruptions, marked scaling and exfoliation usually takes 
place, and the skin of the entire body is desquamated m large flakes 
Often an entire palmar or plantar surface comes away intact The rash 
is accompanied by the most intense and distressing itching Usually, 
the exfoliation is complete m from three to four weeks, but m some cases 
healing may take much longer Once or twice it has been noted that 
several distinct exacerbations have occurred in the same patient, the 
skin continuing to exfoliate periodically for several months 

The exfoliative process is m some cases so extensive as to produce 
minor complications, such as severe conjunctivitis, due to the complete 
desquamation of the conjunctival epithelium , temporary deafness, from 
heaping up of the exfoliated epithelial debris m the external auditory 
canal , and, in women, vaginitis Diarrhea is not uncommon, and the 
stools may for a short time contain large amount of mucus and epithelial 
cells The buccal surfaces may also be involved, the tongue and cheeks 
being thick and swollen, and the epithelial covering desquamated 

The graver complications which may occur with exfoliative dermatitis 
are arsenical neuritis, jaundice, skm infection, bronchopneumonia and 
acute nephritis 

Peripheral polyneuritis was uncommon m our series, being noted in 
only two patients It consists of pam, abolition of deep reflexes, espe- 
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cially in the legs, and sensory disturbances Beeson n describes a case of 
exfoliative dermatitis complicated by polyneuritis, and reviews this phase 
of the literature 

Jaundice has also been noted by several authors It has been ascribed 
directly to liver damage, generally of the type of acute yellow atrophy 
It occurred in three of the eighteen patients in oui series In each case, 
however, it was mild, a late phenomenon, and was apparently of no 
significance 

Skin infection played an important role in the prolongation of the 
illness of nine cases, and was a contributory factor in the death of two 
It is due to the universal weeping eczematous charactei which the 
eruption ultimately assumes Ciacks and fissures in the skm are large 
and numerous, scratching is almost impossible to pi event and the 
inevitable entrance of the common skm oigamsms produces painful and, 
at times, serious furuncles and carbuncles Two of our patients died of 
streptococcus septicemia following extensive skm infection 

Since, as we have seen above, exfoliation is not confined to the 
skm, but may also involve the epithelial lining of such structures as the 
conjunctiva, buccal surfaces, external eai, vagina and gastrointestinal 
tract, it is not unusual to note also a denudation of the mucous mem- 
brane of the trachea and bronchial tiee Thus, bionchitis is fiequent, 
and if the process has been sufficiently extensive, bionchopneumonia 
follows as a logical sequence This has occurred in four of our patients 
The pneumonic consolidation is often extensive Both the broncho- 
pneumonia and the skm infection are fuithered by the lack of bodily 
defense against bacterial invasion, which, in turn, is caused by the 
direct action of the arsenic on the bone mariow, as shown by the blood 
picture 

Studies of the urine and of renal function in these cases are of 
interest In about 80 per cent of the patients theie is evidence of more 
or less severe damage to the kidneys Albumin usually appears in 
amounts varying from a trace to 3 gm per liter , casts are present , 
and in several cases, notably those with skin purpuric manifestations, 
microscopic and chemical blood has been found In two of the fatal 
cases there has been noted a rapid decrease m the phenolsulphone- 
phthalein output to practically nothing, and in these patients the urea 
nitrogen and nonprotem nitrogen of the blood has risen rapidly Not 
all of the severe or fatal cases have shown this phenomenon, however , 
m a few the kidney functiQn remained apparently unimpaired A few 
of the patients have given evidence that the acute nephritis has been 
transformed into a chronic nephropathy, and that some lesidual kidney 
damage is permanent 

5 Beeson, B B Polyneuritis Plus Dermatitis Exfoliativa Following Neo- 
Arsphenamin, Arch Dermat & Syph 2 337 (Sept) 1920 
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Thirteen of eighteen patients had, throughout the course of the 
rash, a rise in temperature ranging from 100 to 105 F usually lasting 
from two to four -weeks Two cases were afebrile, and m three no 
observations were made The temperatuie curve is usually irregular 
and remittent , in some cases a definite infectious agent can be found to 
explain it in the complications discussed above — skin infection and 
bronchopneumonia, in others no cause is demonstrable 

Four patients developed at one time or another duung the lash, 
many petechial hemorrhages throughout the skin These were among 
the more serious cases , and of these four patients, two died 

In the course of routine study of cases of this type, our attention 
was directed to changes m the blood picture which have generally been 
unrecorded Previous reports 6 from the Johns Hopkins Hospital have 
called attention to this phenomenon Eleven of our eighteen patients 
with exfoliative and maculopapular l ashes have been studied carefully 
from this viewpoint, and the results are summed up m Table 6 

It will ,be seen that there is practically no evidence of damage to 
the erythropoietic function of the bone marrow, except m one severe 
fatal case, m which a typical aplastic anemia occuired There is usually 
leukopenia, which may be marked (600 W B C per cu mm ), but 
which may be modified by the presence of mtercurient infection to 
produce a leukocytosis In the differential picture the outstanding 
features are marked alteration of all the leukoblastic cells of the bone 
marrow, the lymphoid elements remaining largely unharmed There 
is an absolute and relative decrease in the polymorphonuclear neu- 
trophile cells (which may even completely disappear) The basophile 
cells if affected at all are slightly increased Eosinophilia, which may 
reach unusual proportions (56 per cent ), was noted m 10 cases It 
persists over long periods of time, m one case more than three months 
There is frequently a marked increase in the other cells of bone mar- 
row origin, the large mononuclear-transitional group, which may also 
reach unusual heights (50 per cent ) (Table 7) Usually, when there 
is a great increase in this cell group, eosinophilia is either absent or 
slight, and vice versa, though occasionally (Case 7 of Table 6) both 
groups may be increased 

Many of the leukocytic cells m the circulating blood are abnoimally 
fragile, and apparently break down into unrecognizable smudges Occa- 
siouall}’', a few myelocytes, myeloblasts, or so called “irritation forms” 

6 E\ans, F A Observations on the Origin and Status of the So-Called 
Transitional White Blood Cell, Arch Int Med 17 1 (Jan) 1916 Moore, J E, 
and Foley, FEB Serious Reactions from the Salvarsan and Diarsenol 
Brands of Arsphenamin Unusual Blood Pictures, with the Report of a Fatal 
Case, Arch Dermat & Sypli 1 25 (Jan) 1920 Moore, J E, and ICeidel, A 
Stomatitis and Aplastic Anemia Due to Neo-Arsphenamin (to be published) 
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may appear, indicating some effort at regeneiation on the part of the 
leukopoietic centers of the marrow Unfortunately, the platelets have 
not been counted, though m some cases (especially those with purpuric 
manifestations) they have seemed in the stained smear to be decreased 
For detailed accounts of the blood findings in five cases of this 
type, the reader is directed to earlier articles For the sake of com- 
pleteness, the studies of the blood of two cases, with brief abstracts 
of the histories, are presented in Table 7 


TABLE 7 — Complete Blood Study in Two Cases 
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Patient, a white woman, aged 31, was treated tor a gumma of the soft palate Five 
closes of diarsenol, 0 3 gm each, w r ere given at weekly intervals, the last dose February 4 
lne next day appeared a profuse macular rash, rapidly becoming vesicular and exfoliating 
^.Dout February 15, there developed an intractable diarrhea, extreme generalized edema, skin 
infection and bronchopneumonia The patient died twenty two days ofter the onset of the 
reaction Necropsy was not permitted 

t This patient was a white woman, aged 38, nonsyphilitic, with a sarcoma of *the choroid 
as a therapeutic test was requested by the ophthalmologist, she was given two doses of 
diarsenol, 0 3 gm each, October 21 and 28 Four days later she developed a typical exfoliative 
dermatitis which ran the usual course, uncomplicated by skin infection or bronchopneumonia 


That the eosmophilia is not to be ascubed to the skin lesion is 
evident from the study of the blood m patients suffering from stomatitis 
and itching, in whom the blood changes constitute the reason for classi- 
fying such reactions as allied to dermatitis 

One of the striking features of the rashes of this group is then 
tendency to recurrence after further arsenical therapy This has been 
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emphasized in the past, so that in the minds of many syphilologists the 
occurrence of a rash of any type is a sufficient signal for the discon- 
tinuance of all further aisenic therapy It has been pointed out that 
for the uiticarial, herpetic and erythematous rashes, this does not 
hold good In rashes of the maculopapular and exfoliative type, it is 
a factor of great importance , as may be seen from the following case 

M A , a white woman, aged 37, had in April, 1916, a very severe exfoliative 
dermatitis after the sixth of a series of doses of diarsenol of 0 3 gm each, 
except the last, which was 0 2 gm She was desperately ill for a time, and 
was in the hospital four weeks In November, 1917, eighteen months later, 
she was given 0 1 gm diarsenol, and within three days developed another 
exfoliatne rash of almost as great intensity as the first 

The second reaction may differ in type from the first as in the case 
of one patient (J H ) who developed a moderately severe maculo- 
papular lash after the third dose of arsplienamm Five months later, 
another injection of the same drug was given, which did not cause a 
rash On the following day, however, blood was found m the urine 
•chemically and microscopically No further treatment was given 
How long this intolerance to the drug persists we do not know, since 
we have thought it wise to avoid clinical experimentation 

An observation of importance to the patient, however, has been 
made in this connection in the course of our study If exfoliative 
dermatitis or an allied reaction is noted after the use of one arsenic 
preparation, a similar intolerance does not appear to exist in most 
■cases for othei drugs Thus it is not always necessary completely to 
abandon arsenic treatment m a patient who may be badly in need of it 
In six cases of exfoliative and maculopapular dermatitis, a change m 
the arsenic preparation has been attempted, with satisfactory results 
in four An illustrative history follows 

R L, white male, aged 38, with a gumma of the nasal septum, showed a 
generalized maculopapular rash twenty-four hours after the first dose of 
diarsenol, 0 3 gm This itched intensely, did not exfoliate, and disappeared m 
about ten days For fear of transforming this comparatively mild reaction 
into a grave one, diarsenol was discontinued, but two weeks after the first 
injection, 0 3 gm neo-arsphenamin was administered This was followed by 
no reaction During the next year, nineteen doses of neo-arsphenamm, rang- 
ing from 0 6 to 0 9 gm , were given, none followed by any reaction whatever 
One year from the date of the first dose of diarsenol, an injection of 0 1 gm 
sodium diarsenol was given to determine if the original intolerance had been 
lost This was followed by a severe general reaction (chills, fever, malaise, 
nausea) and the rapid appearance of a sparse maculopapular rash, which 
lasted four days Again, further injections of neo-arsphenamin were without 
ill effect 

As opposed to cases of this sort we may mention an example m 
-which the outcome was less happy 
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L H, while woman aged 50, with primary syphilis, showed early signs 
of intolerance to diarsenol Two days after the first injection of 04 gm she 
developed a mild maculopapular rash, which was considerably intensified after 
the second dose of 0 2 gm Arsenic treatment was discontinued and was not 
resumed for seven months at which time 0 3 gm neo-arsphenamm was given 
This was followed in two days by a profuse outbreak of labial herpes, but 
no generalized rash Succeeding doses of neo-arsphenamm, eight m all, led 
to the occurrence of no rash, but ive should, perhaps, have been warned by 
the intense general malaise and "knocked out” feeling which followed each 
injection One week after the last dose she developed stomatitis, an intense 
aplastic anemia, together with the characteristic leukocytic reaction described 
above, and after an illness of a month she died 

These cases lead one to the conclusion that in some instances of 
this group, which unfortunately cannot be designated accurately before- 
hand, further arsenic therapy is possible, provided another drug is 
substituted for the one which originally produced the reaction How- 
ever, such a substitution should be begun very cautiously If arspliena- 
min is to be substituted, the first dose should not be more than 0 00 S 
gm , if neoarsphenamm is used, not more than 0 01 gm , and increase 
in dosage should be undertaken with caution After each injection, 
the patient should be under careful observation, and the occurrence of 
any of the symptoms previously mentioned as prodromata should be 
the signal for abandonment of arsenic therapy The interval between 
injections should be prolonged to at least two weeks instead of one 
week, in order to allow plenty of time for the development of untoward 
symptoms , and these precautions should be continued until the tolerance 
to the new drug is established 

Furthermore, studies of the blood should be carried out during 
such an attempt This paper and the others of this series have shown 
that characteristic changes in the blood are an essential part of the 
reaction, and that such changes may occur m the absence of any evident 
skm lesions It may be accepted as a fact that leukopenia, a marked 
decrease in the number of neutrophil cells, eosmophiha, increase m the 
large mononuclear-transitional group, or the appearance of many fragile 
or abnormal forms are of serious portent 

Another method of the possible determination of loss of intolerance 
to arsenic preparations has recently been suggested by Stuart and 
Maynard, 1 who propose an mtradermal skm reaction They found 
that such injections of minute quantities of arsphenamm produced a 
positive skm reaction in two of three cases of exfoliative dermatitis, 

7 Stuart^ H C, and Majnard, E P Hypersensitiveness to Arsphenamm 
Following Exfoliative Dermatitis 4. Cutaneous Test, Arch Int Med 26 511 
(Nov ) 1920 
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some months after the reaction We have attempted the use of a 
similar test, but we used the method of scarification, which Stuart and 
Maynard warn against Only negative results have been obtained 

The prognosis of reactions of the exfoliative dermatitis group is 
grave Among oui cases there have been four deaths (with an addi- 
tional one among the allied reactions to be described, a mortality of 27 7 
per cent The deaths occurred once after the salvarsan brand of 
arsphenamm, once after sodium cacodylate (administered elsewhere), 
and twice after diarsenol In tuo instances, death was due to septi- 
cemia, the portal of entry m all probability having been through the 
damaged skin A third death was apparently due to the accompany- 
ing aplastic anemia 

In general, the necropsy findings were the same in the three cases 
studied There were innumerable hemorrhages throughout all the 
organs, more intense in the lungs, gastro-intestmal tract and kidneys 
The hemorrhagic nephritis in one case was extreme The bone marrow, 
m two cases examined, was markedly aplastic, with, as the outstanding 
feature, an almost complete absence of orderly leukopoietic centers In 
two cases there were noted, especially in the lungs, areas of bacterial 
invasion without the usual cellular exudate As previously pointed out, 
Wmtermtz and Hirschfelder s found a similar non-cellular exudate m 
the pneumonia of experimental animals whose bone marrow had been 
destroyed 

The treatment of reactions of this type is almost wholly a question 
of nursing For the alleviation of the itching calamine lotion may be 
used It has been found that the prevention of skin infection, with its 
resultant possible general septicemia, can sometimes be accomplished by 
frequent changes of sterile night dress and sheets Sterile surgical 
stockings for the legs are also an aid The hands may have to be 
bandaged to prevent scratching If skin infection does occur, con- 
tinuous baths of 1 50,000 mercuric chlorid solution may prove 
helpful 

The general therapy resolves itself into an attempt at elimination by 
saline purgatives and diuresis Diaphoresis should not be employed 
because of the already damaged skin For the severer forms of 
aplastic anemia occasionally seen, repeated transfusions of matched 
blood have been tried, but so far as we have been able to see, without 
beneficial effect 

ALLIED REACTIONS 

Under this head we include itching without a skm rash (which we 
regard as a prodrome of dermatitis), and stomatitis 

8 Wmtermtz, M, and Hirschfelder, A D J Exper M 17 657, 1913 
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That the symptom of itching is not one lightly to be disregarded is 
shown by the fact that if arsenic therapy is persisted m, a severe exfo- 
liative dermatitis may develop (Case II, Table 5) It may also be 
associated with marked constitutional changes, as in Case 2, Table 5 
(previously reported m detail), in which characteristic changes in the 
blood picture were noted After the second dose of salvarsan, the 
patient showed, during his period of itching, a marked relative and 
absolute decrease m the polymorphonuclear neutrophils (34 per cent ), 
eosinophilia (12 per cent) and a large mononuclear-transitional 
increase (23 5 per cent ), with the appearance of a few myelocytes 
Two cases of stomatitis are included in this group, both of which 
have been made the subjects of separate reports 0 In both these cases, 
there was no dermatitis whatever, and neither patient had taken mer- 
cury (the first never, the second not for seven weeks before the onset 
of the reaction) The stomatitis was very severe, involving not only 
the gums, lips and cheeks, but the posterior pharynx as well In one 
case, Vincent’s organisms were demonstrated, but are to be regarded 
as secondary invaders The clinical characteristics of the stomatitis 
almost exactly simulate those following the incautious use of mercury 
In each case the blood picture forms the basis for its inclusion in 
this group In the first case there was leukopenia (2,800 leukocytes) 
with a complete absence of polymorphonuclear neutrophils, no 
eosinophilia, and a marked increase m the large mononuclear-transi- 
tional group (39 per cent ) Three weeks after the onset of the 
reaction, there was a normoblastic crisis, immediately preceded by a fall 
by crisis m the temperature from 103 F , and thereafter rapid recovery 
In the second case, there was a rapidly progressing fatal aplastic 
anemia, together with extreme leukopenia (600 leukocytes), almost 
complete disappearance of neutrophils and of the other leukocytic 
groups of bone marrow origin, and a complete absence of attempts at 
regeneration In both cases there was hematuria, and in the second 
case, typical severe purpura It will at once be noted that these changes 
in the blood are in all respects similar to those obsened m the more 
severe cases of exfoliative dermatitis 

The condition of the mouth, therefore, should be kept under close 
surveillance during all antisyphilitic treatment The occurrence of 
stomatitis should lead to a general survey of the patient, especially to 
blood studies , and changes in the blood, such as w e have described, 
should lead to the suspension of arsenic therapy, which should be 
resumed only after an interval of several months and with due caution 
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The literature regarding these reactions, which is voluminous, con- 
sists m great part of case reports 9 We have not attempted, therefore, 
to review every article m detail, but have limited the scope of our 
discussion to the five points raised by our own material (1) the classi- 
fication of reactions of this group, (2) the inclusion of stomatitis as a 
member of the group, (3) the significance of the changes in the blood, 
(4) the practical importance of the possibility of substitution of another 
arsenic preparation for the one causing the reaction, and (5) the 
etiology of such reactions, in particular those of the graver type 

A first consideration in the classification of dermatitis is the proper 
evaluation of the causatn e influence of arsenic Drug rashes, especially 
exfoliative dermatitis, due to mercury were not unknown before the 
introduction of the arsphenamins, and there has been disagreement, 
especially in Germany, 10 over the role played by arsenic in these 
phenomena Bine’s 11 case illustrates the difficulty of deciding whether 
a toxic rash is due to arsenic or mercury, when both drugs are given 
together Since the majority of our patients received no drug except 
arsenic, there can be no confusion on this point 

Harrison 1 classifies his 128 cases of dermatitis as severe, moderately 
severe and mild, the two former groups including all the cases of 
dermatitis m which exfoliation was noted, and the latter all instances of 
limited urticaria He does not attempt an interpretation of this group- 
ing, and states that “treatment was stopped, or continued very cau- 
tiously, after the slightest sign of skm trouble ” 


9 Didry Dermatite exfoliative generalisee consecutive a des injections de 
606, Ann de mal ven 11 723, 1916 

Fruhwald, R Ueber Medikamentose Spatexantheme nach Intravenose sal- 
varsan injektionen, Munchen med Wchnschr 58 2109, 1911 
Glombitza Spat-exantheme nach Salvarsan natrium injektionen, zugleich 
ein Beitrag zur viscerale Fruhlues, Deutsch med Wchnschr 43 1452,191 7 
Malherbe, H Accidents cutanees dus a l’emploi du 606, Ann de mal ven 
12 662, 1917 

Nussbaum, O Erythema scarlatmiforme nach Salvarsan mtoxikation, 
Deutsch med Wchnschr 44 468, 1918 


Leonard, L G Severe Dermatitis During Treatment with Novarseno- 
billon, Brit M J 2 773 (Dec 13) 1919 
Lau Dermatitis Exfoliativa Following the Administration of Salvarsan 
J Cutan Dis & Syph 37 403 1919 

Ffrench, E G Exfoliative Dermatitis Occurring During Treatment with 
Arsenic, Lancet 1 1262 (June 12) 1920 
10 Wechselmann Ueber die Verwechslung von Quecksilber und Saharsan 
exanthema, Munchen med Wchnschr 48 1638, 1915 

Brandwemer Quecksilber oder Salvarsan dermatitis, Wien klin Wchnschr 


11 Bine, R Exfoliative Dermatitis Following Neo-Salvarsan 
tions Boston M & S J 175 96, 1916 


Injec- 
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Parnell and Fddes 2 divide their material on the basis of the skin 
manifestations Of the thirty-eight rashes, twelve were eiythematous, 
fourteen macular, four papular, two follicular, one polymoiphic and 
nine unclassified In two cases jaundice co-existed Except in one 
patient, all the rashes were relatively mild, and in general, fuither 
arsenical therapy was possible 

Brauer 12 recognizes that the significance and etiology of the various 
dermatoses is not the same, and adopts a classification which closely 
approximates our own He divides all arsphenanun dermatoses into 
two groups, primary and secondary In the primary group he includes 
the “genuine toxic exanthems,” and the skin lesions produced by the 
local infiltration of the drug into the tissues, necrosis and gangiene 
Pie saw sixteen instances of such general toxic rashes in thirteen of 
1 500 patients Of these nine were erythematous, scarlatmiform or 
morbilliform, with or without stomatitis , one was erythemato-urticarial, 
complicated by edema, two were exudative erythema multi foi me, one 
was purpura rheumatica with erythema nodosum ; and one was severe 
unnersal pemphigoid deimatitis To seven of these patients more 
salvarsan was administered after the eruption had subsided, and m only 
three cases was there recurrence of a rash Brauer states that it is 
impossible to predict the likelihood of recurrence m any given case 
As secondaiy dermatoses he includes herpes simplex and zoster, 
hyperidrosis, alopecia, alterations m the nails, jaundice, melanoses 
occurring after primary rashes and immediate macular and urticarial 
rashes He considers the etiology of this group to be other than the 
actual toxic effect of arsenic For example, he suggests that urticarial 
rashes are to be regarded as a Herxheimer reaction, and are due to 
the destruction of foci of spirochetes in the skm 

We are m complete agreement with the general aspect of this 
classification, except that we feel that some of the cases which Brauer 
regards as primary, especially mild erythematous and morbilhfoim 
eruptions, should certainly belong to his secondary group 

Mihan 13 has recently drawn attention to the obscurity in the classi- 
fication of arsenical dermatoses He divides them into two main 
groups, on the basis of etiology The only skm manifestation which he 
regards as directly due to arsenic is exfoliative dermatitis, which m its 
early stages may be scarlatmiform, maculopapular, or vesicular He 
notes particularly the association of edema with such cases All other 
dermatoses he believes are of infectious origin that is, they aie acute 

12 Brauer, A Zur Kenntms der Salvarsan Dermatosen, Derrnat Ztschr 
19 800, 1912 

13 Mihan, G L crytheme arsenical oedemateux desquamatif Bull et mem 
Soc med d hop de Paris 43 1055, 1919 
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exanthemata, such as measles or rubella , or they are due to the lighting 
up of latent bacterial infection following the tempoiary general lower- 
ing of resistance after intravenous aisphenamm therapy 

Oui expei lence leads us to believe that as to the herpetic and 
erythematous rashes this latter conception may be tiue, but we do not 
feel that any of the eruptions we have seen were measles, lubella, or 
other acute exanthems Furthermoie, we are unconvinced by the 
cases 14 which Milian cites m suppoit of this contention 

Recently several German authois have described arsenic exanthems 
unlike any we haie observed So far as we know, no similar cases 
have been leported m the American liteiature Fuchs ir> relates the case 
of a woman with florid secondaiy syphilis, whose treatment consisted 
of five courses of combined arsphenamin and meicury During the 
fifth course, the patient stated that since the beginning of this course, 
she had noted, after each injection, a biown spot on hei leg -which 
itched intoleiably Examination 1 e\ ealed a sharply circumscribed 
biown spot on the inner side of the left thigh about the size of a 
German maik piece The skin was elsewhere unaltered Ninety min- 
utes after the injection of 0 45 gm lieoarsphenamin this spot was 
markedly reddened, its edges flaming led, and there was much itching 
and burning One hour later the irritation began to subside, and 
within two hours the area looked as it had befoie the injection Eight 
days later the spot was painted with a concentrated solution of neo- 
arsphenamin, and the same phenomenon occurred On the same day 
the patient was given 0 45 gm sodium salvarsan The local reaction 
was observed to be much less than aftei lieoarsphenamin 

In another patient with neurosyphilis, it was noted m 1915 that 
after each injection of 0 45 gm lieoarsphenamin there was a marked 
leddenmg of the right bulbar conjunctiva During 1916 and 1917 
sodium salvarsan was used and the reaction did not occur In 1917, 
one dose of neoarsphenamin caused the conjunctival leddenmg to 
re-appear In 1919, when an injection of 0 45 gm neoarsphenamin was 
preceded by 0 5 cm epinephrm, the reaction was delayed and weaker , 
and on later attempts epinephrin suppiessed it altogether 

Similar cases, to which the name of “fixed” salvarsan exanthem 
has been given, have been described by Schonfeld, 10 Naegeli, 17 and 
others Naegeli’s cases are similar to those cited, except that m one 

14 Milian, G Arsenobenzol erythemes et rubeola, Paris med 35 131, 1917 

15 Fuchs, D Fixe Salvarsanexantheme, Deutsch med Wchnschr 45 
1276, 1919 

16 Schonfeld, W Fixe Salvarsan exantheme, Deutsch med Wchnschr 
46 11, 1920 

17 Naegeli, O Fixes Neosalvarsan exanthem und Adrenal inwirkuiw 
Cor-Bl f schweiz Aerzte 39 1917 Cited by Fuchs 
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the reaction occurred in a naevus, and in the other in a conjunctiva 
damaged by disease Because of this he suggests that the marked 
•\ ascularization might explain the basis of the sensitization The cases 
of the other authors cited do not lend support to this view A case 
reported by Leibkmd 18 is similar, except that the recurrent exanthem, 
which was more generally distributed, usually lasted several days 
rather than a few hours 

Stomatitis as a reaction allied to dennatitis — Stomatitis due to the 
arsemcals has, so far as we have been able to discover, received 
practically no notice m the literature Brauer 12 noted its occurrence 
m some of his patients with dermatoses , but here it was 'doubtless a 
part of the general exfoliative process, as we have shown that it may be 
Harrison 1 states as his impression that patients on combined mercurial 
and arsenical treatment suffer more frequently from stomatitis than 
those treated with either drug alone He feels that arsenic alone may 
not be so active m causing stomatitis, but adds sufficiently to the irrita- 
tion produced by mercury to precipitate a stomatitis which might 
otherwise have failed to occur 

We have been unable to find any mention of the constitutional dis- 
turbances or of changes m the blood in this form of stomatitis The 
facts that our two patients developed this phenomenon under arsenic 
treatment, that one had never taken mercury and the other not for two 
months, and that the blood picture was found to be precisely the same 
as that observed in our cases of exfoliative dermatitis, indicate that the 
stomatitis must be regarded as due to the arsenic preparation employed, 
m one case arsphenanun, m the other neo-arsphenamm, and that the 
underlying factor producing the reaction is the same as that in the 
exfoliative dermatitis group 

SIGNIFICANCE OF THE BLOOD CHANGES 

The alteration of the blood picture has received little notice m the 
literature Schlecht 10 reports two cases The first, a patient with 
fatal exfoliative dermatitis after arsenophenylglycm, showed an eosmo- 
philia of 20 per cent (12,000 leukocytes) There was no alteration 
in the large mononuclear-transitional group The second patient, with 
lesions of tertiary syphilis, was given four doses of salvarsan of 0 4 gm 
each, combined with four intramuscular injections of from 0 02 to 0 04 
gm calomel Ten days after the last salvarsan injection there developed 
a scarlatimform rash with ulceratne stomatitis The blood, which was 

18 Leibkmd, M Beitrag zur Kasuistik der Salvarsanexantheme (fixes 
exazerbierendes Erythem), Dermat Ztsclir 31 91, 1920 

19 Schlecht Ueber allgemeine und lokale Eosinophihe bei ueberempfind- 
hchkat gegen orgamsche Arsenpreparate, Munchen med Wchnschr , No IS, 
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not examined until ten days after the onset of the rash, showed leuko- 
cytosis (from 14,000 to 17,000 leukocytes), eosmophiha (from 8 to 25 5 
per cent ), and an increase in the large mononuclear-tiansitional group 
(from 11 to 20 6 per cent ), with the appearance of a few myelocytes 
and normoblasts 

Strathy, Smith and Hannah 20 repoit fifty-eight cases of jaundice and 
eight cases of dermatitis as late toxic phenomena due to the arsphen- 
ammes In most of these cases, the leukocytes varied in numbei from 
14 000 to 34,000 pei cm , and the polymorphonuclear neutrophils varied 
m number from 50 to 80 per cent No further details aie given 

In a recent papei Hofmann 21 reports a patient with exfoliative 
dermatitis m whom an eosmophiha of 60 pei cent was demonstrated 
Eosmophiha has also been noted by Latham 22 , and by Stuait and 
Maynard 7 

Attention has been diawn m a previous papei to the fact that altera- 
tions m the leukocytic pictuie have been lecoided by various observers 
in poisoning from arsenic preparations other than the arsphenamms 
In this connection it is of interest to note that eosmophiha has been 
described as an accompanying feature of meicury dermatitis by E 
Hofmann 23 , but otliei changes m the blood picture are not mentioned 
Bowen 24 describes seven fatal cases of exfoliative deimatitis of 
unknown etiology In two of these patients frequent lepeated exam- 
ination of the blood showed no abnormalities 

Not only are references to the blood alterations few, and confined, 
m the mam, to the mention of eosmophiha, but no author, so far as 
we have been able to determine, has interpreted these changes other 
than as due to the skin lesions We have now observed the charac- 
teristic alteration in the blood m fouiteen of sixteen cases studied, 
and we feel that the interpretation we have emphasized m pievious 
papers 0 is justified Briefly, the evidence allows the conclusion that 
arsenic has a direct action on the bone marrow, which is both toxic 
and stimulating The toxic effects are seen, m mild cases, chiefly in 
the decrease of the polymorphonuclear neutrophil cells, which is respon- 
sible for the leukopenia Even the piesence of mtercurrent infection, 

20 Strathy, A S , Smith, C H V , and Hannah, B Report of Fifty- 
Eight Cases of Delayed Arsenic Poisoning Following the Administration of 
606 Preparations, Canad M A J 10 336, 1920 

21 Hofmann, E Ueber Salvarsanexantheme, Dermat Ztschr 31 1, 1920 

22 Latham, J D Exfoliative Dermatitis Due to Arsphenamin, Report of 
a Fatal Case, J A M A 73 15 (July 5) 1919 

23 Hofmann, E Ueber Quecksilberdermatitis und die zugrundeleigenden 
histologischen Veranderung nebst Bemerkungen uber die dabei beobachtete 
lokale und Bluteosinophihe, Berl klm Wchnschr 1902, pp 908, 939 

24 Bowen, J T Seven Cases of Dermatitis Exfoliativa with a Fatal End- 
ing m Five, J Cutan Dis 28 1 (Jan ) 1910 
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which may change the leukopenia to leukocytosis, is often insufficient 
to cause the usual neutrophilic increase, and the leukocytosis is made 
up of other bone marrow cells The stimulating effect of arsenic is 
apparently selective In the mildest cases there may he eosmophiha 
only, if the reaction is of greater degree, neutrophilic decrease and 
eosmophiha As the gravity of the damage increases, the eosinophils 
tend to disappear, while the remaining cells of bone marrow origin, 
the large mononucleai -transitional group, are increased In maximally 
severe cases, all the cells of bone marrow origin disappear, leaving as 
the remaining leukocytic elements in the circulating blood fragile cells 
and lymphocytes In two of our patients this latter phenomenon has 
occurred, and death has been due to aplastic anemia 

At the same time, these alterations m the bone marrow lead to a 
loss of the normal bodily defense against bacterial invasion The nor- 
mally phagocytic cell groups are destroyed Various authors 25 have 
shown that when the normal function of the bone marrow is inter- 
fered with, whether by roentgen rays, benzol, or by disease (leukemia) 
antibody production is also decreased or completely inhibited In our 
cases, while we have not specifically investigated this point, bacterial 
invasion of the skm or the lungs has been common, seveie and usually 
protracted Septicemia has been observed, and at necropsy m two 
cases foci of bacterial invasion without the usual cellular exudate were 
found m the lungs 

The blood picture, then, is not due to the accompanying skm lesion, 
because (1) it has been observed in cases without skm lesions, and (2) 
it consists of more extensive changes than simple eosmophiha It is 
an essential feature of the constitutional disturbance m dermatitis and 
the allied reactions , it accounts for the frequence, grar lty and per- 
sistence of infections m these reactions, and it may cause death by 
nrtue of the aplastic anemia which it produces 

The substitution of a dijfeient aisenical pi epaiation foj the one pio- 
ducing a i eaction — This point has been noted m the literature, espe- 
cially in the recent articles by German authors 15> 17 on fixed exanthems 
We have found it of practical value in enabling us to continue the 
treatment of patients developing serious reactions early m the course 
of their disease If such a procedure had not been possible, arsenic 
treatment must have been abandoned Attention has been directed 

25 Hektoen, L The Influence of the Roentgen Ray on the Production of 
Antibodies, J Infect Dis 17 415, 1915 , 22 28, 1918 , 26 30, 1920 , 27 23, 1920 
Simonds, J P, and Jones, H M The Influence of Exposure to Roentgen 
Rays on the Formation of Antibodies, J M Research 33 183, 1915 , The 
1971915 ^ n ^ ectlons fi enz °l ° n the Production of Antibodies, ibid 33 

Howell, K M The Failure of Antibody Formation in Leukemia, Arch 
Int Med 26 706 (Dec) 1920 
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to the caution which should be exeicised if such a substitution is 
attempted The patient should be suriounded with eveiy possible 
safeguai d 

ET10L0GV 01 llERMUiriS AM) \LLIED REACTIONS 

We hate nothing to add to the hypotheses legardmg the causation 
of urticanal i ashes It has seemed to us that othei eruptions of the 
mild group, such as heipes simplex and eiythemas, are in all probability 
of infectious oiigin, and due to the release of organisms from latent 
foci of infection We find it difficult to ascube them dnectly to the 
toxic action of the ding 

It is with the reactions of the giacei type, however, that we aie 
particularly concerned As yet the cause of these reactions cannot 
be designated accurately, but seceial hypotheses exist, to each of which 
consideration must be given These are (1) that dermatitis and its 
allied reactions are an expiession of the damage to the hematopoietic 
system, (2) that they are due to the cumulative effect of aisemc when 
its normal excretion is interfered with , (3) that damage to the lnei 
pi events the normal change of the aisemcal drugTiom a toxic to a 
nontoxic form, and (4) that they aie an expression of anaphylaxis 

The hematopoietic cause of dcnnatitis — Betances, jn in an article of 
which only the abstract is accessible to us, states that vanous sympto- 
matic skin complexes, such as dermatitis exfoliativa (Wilson-Brocq), 
pityi jasis iubra (Hebra), chloroma, mycosis fungoides, and others 
are due directly to disturbances of hemopoiesis He bases this con- 
clusion on histologic study of the lesions, particularly in the skin He 
concludes that the pathologic piocess m all these diseases is the same, 
that it consists of a hypeiplasia of the hemopoietic unity with a total 
oi partial incapacity of the same to form differentiated myeloid oi 
lymphoid cells, and that it is caused by certain lymphotoxins, myelo- 
toxms oi toxic lipoids acting on the hemopoietic unity This hypothesis 
is of interest m view of the findings in the blood of our patients, which 
may perfectly simulate aleukemic lymphatic leukemia Such a pre- 
liminary diagnosis ivas made in one of oui cases 

The cumulative action of aisemc — The fact that arsenic has been 
found in the excreta, paiticularly the urine, foi long periods of time 
aftei its admimstiation (Stuait and Maynard, ninety-seven days) has 
led to the assumption that, the pei meability of the kidney for the drug 
having been impaired, aisemc gradually accumulates m the body until 
a toxic le\el is attained Undei these circumstances, perhaps, the skin 
takes on the function of excretion, and the nutating qualities of the 

26 Betances, L M Relation Pathogenique entre les Leucemies et certaines 
Dermopathies, Haematologica 1 1 (April) 1920, abstr in Arch Dermat & 
Syph 2 655, 1920 
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drug produce a dermatitis We have not made studies of arsenic 
excretion m our cases However, this hypothesis is unsatisfactory m 
that it fails to explain the recurrence of dermatitis when minute doses 
of the drug are given after an interval of months, especially m view of 
the fact that m some patients m whom recurrences have occurred, no 
kidney damage has been demonstrable m the interim between reactions 

The question of live i damage — This has been particularly men- 
tioned because of the frequency of the association of jaundice and 
dermatitis The responsibility for arsenical jaundice is, as is evident 
trom a study of the literature, hard to fix A few writers, chief among 
them Milian, feel that it is always due to syphilis — a hepato-recidive 
Otheis, the larger group, are inclined to place all the blame on arsenic 
Recently Stokes, Ruedemann and Lemon 27 reached the conclusion that 
the large majority of cases of jaundice arising in the course of anti- 
syphilitic treatment are infectious, possibly epidemic, m type, and that 
in a few cases only can the blame be laid on arsenic, syphilis 01 
underlying surgical conditions These conclusions are in accord with 
our own experience, and we believe jaundice, uncomplicated by other 
toxic reactions, to be due to arsenic only rarely However, it is tiue 
that a certain proportion of cases of dermatitis are complicated by 
jaundice, which frequently appears late in the course of the reaction 

Among the few facts known regarding the metabolism of arsphena- 
mm m the body the chief are that it is taken up by the liver, stoied 
there, and gnen out m some form presumably less toxic than its 
original state It is possible that under the influence of factors not 
dearly understood this function of the liver may temporarily be 
thrown out of commission and the arsenic preparation allowed to 
circulate through the body unchanged In this form it is markedly 
vasculotoxic, and may, therefore, so impair the smaller blood vessels 
as to permit its exudation into the sites of greatest damage, the skin 
and the bone marrow As is shown by necropsy examinations, the liver 
is frequently damaged anatomically, by acute yellow atrophy, central 
necrosis, or marked fatty changes On the other hand, m some cases, 
our own for example, no gross or microscopic damage m the livei is 
demonstrable, and if this hypothesis is accepted, the changes must then 
be assumed to be functional 

The same objections apply to this hypothetic explanation as to the 
inhibition of the normal excretion of arsenic with its subsequent cumu- 
lative toxic effect It also fails to explain either 1 ecurrent dermatoses 
after minute doses of the drug, or unless we assume that the various 

27 Stokes J H Ruedemann P and Lemon, W S Epidemic Infectious 
Al d > 1C inoU d ItS Re]atlon t0 the Therapj of Syphilis, Arch Int Med 26 521 
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drugs, differ m degi ee as to then relative toxicity, the ability of certain 
patients to take other aisenic pieparations without the development of 
a recurrence 

The anaphylactic thcoiy of dcnnatitis — T\ e group of maculopapu- 
lai rashes, exfohatne dermatitis, fixed deimatitis, and the allied reac- 
tions (itching, stomatitis, etc) hare been regarded by many workers 
as possible anaphylactic phenomena The reasons for this may be 
summed up as follows 

1 The extreme rarity of such leactions after the first dose of the 
drug Undoubted cases hare, however, been reported, m which l ashes 
of this general type hare followed the first dose Thus, two of 
Houck’s 2& four patients with scarlatimform and maculopapular rashes 
der eloped their reactions after the first dose as did oui Cases 6 and 17 
(Table 5) (maculopapular tash) 

2 The tendency to lecurrence of the same oi a difteient rash after 
furlhei attempts to administer the same drug In our own series this 
phenomenon has occurred in six of eighteen cases of exfoliative der- 
matitis The interral between treatments may be rery long — eighteen 
months in one of our patients , a yeai to fourteen months in several 
reported cases Furthermore, the dose of the drug producing a 
recurrence may be exceedingly minute, as in Zuler’s 20 case (0 00375 
gm silver salvarsan) 

3 The lack of recunence after the substitution of a different 
arsenical drug This is particularly noteworthy in our own cases, and 
m Fuch’s cases of fixed dermatitis 

4 The blood picture In a prewous paper 0 attention was drawn 
to the similarity of the changes m the blood m these cases and in 
anaphylactic shock Herrick 30 has produced eosmophiha experiment- 
ally m guinea-pigs by mtraperitoneal injections of an aqueous extract 
of Ascans lumbucoidcs He concludes that the substance causing the 
eosmophiha is a protein, that previous sensitization is necessary, that 
if the animals are immune, the production of a blood change is impos- 
sible, and that the eosmophiha constitutes evidence of a previous 
sensitization 

Experimental attempts to produce anaphylaxis in cases of drug sen- 
sitization have been generally inconclusive The work of Bruck, 31 

, 28 Houck, W Ueber medikamentose Spatexantheme nach Intravenose 

salvarsan mjektionen, Munchen med Wchnschr 58 2451 1911 

29 Zuler Salvarsanexantheme und Neurorezidn e, Munchen med 
Wchnschr 67 115, 1920 

30 Herrick, W W Experimental Eosmophiha with an Extract of an 
Mnmal Parasite, Its Relation to Anaphylaxis and Certain Clinical Problems 
Arch Int Med 11 165 (Feb) 1913 

31 Bruck, C Die Arzneiexantheme experimentelle Untersuchungen uber 
das Wesen, Berl klm Wchnschr 42 517, 1910 
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Ivlausnei " 2 Cole 1 and Kyrle , 34 on mercury, lodofoim, potassium lodid, 
antipMm and copaiba is well known All these authors found that a 
few of the expenmental animals developed acute symptoms, which, 
however, w'ere not identical wnth anaphylactic shock as generally 
accepted Kyrle sums up the objections to legal ding drug sensitization 
as a manifestation of anaphylaxis by calling attention to the lack of 
identity of acute symptoms, the difficulty of distinguishing the ordinary 
toxic effects of the drug, and the fact that all conceptions of anaphylaxis 
depend upon piotein as an antigen 

Swift 35 sensitized nineteen gumea-pigs with a mixture of arsphena- 
min and guinea-pig serum From twenty to forty-two days later he 
lemjected them with arsphenaimn Three of the pigs died acutely, and 
at necropsy showed the characteristic findings of anaphylactic shock, 
two had very severe, four marked, and tluee slight clinical symptoms 
of shock Seven showed no symptoms All controls w*ere negative 
Hanzlik and Karsner 30 hate reported expenmental data on the 
acute anaphylactoid phenomena observed after the intiavenous injec- 
tion of various colloids and the arsphenamins Then study was parti) 
inspired by the tendency of many authors to regard the nitntoid crisis 
after arsphenaimn as anaphylactic in origin They conclude that the 
arsphenamins, ex en in very small doses, mjuie the circulation, giung 
rise to symptoms of an anaphylactoid natuie, but that since the charac- 
teristic feature of anaphylactic shock, pulmonary distention, was absent, 
and othei phenomena of acute anaphylaxis weie also lacking, these 
disturbances should not be regarded as m the same category with true 
anaphylaxis or as beaiing any causal i elation to it whatsoever oi Mce 
vei sa 


32 Klausner, E Arzneiexantheme unci ueberempfindhchkeit Munchen med 
Wchnschr 57 1983, 1910 

33 Cole, H N Drug Exanthemata in Relation to Anaphylaxis Cleveland 
M J 10 422, 1911 

34 Kyrle, J Zur Frage der Arzneiempfindlichkeit, Arch f Dermat u 
Syph 113 541, 1912 

35 Swift, H F Anaphylaxis and Salvaisan 1 A M A 59 1236 (Oct 5) 
1912 

36 Hanzlik P J , and Karsner H T Anaphylactoid Phenomena from the 
Intra\ enous Administration of Various Colloids, Aisemcals and Other Agents, 
1 Pharmacol &. Exper Therap 14 379 1920 A Comparison of the Prophy- 
lactic Effects of Atropin and Epineplirin m Anaphylactic Shock and Anaphy- 
lactoid Phenomena from Various Colloids and Arsphenamin, ibid 14 425, 1920 
Effects of Various Colloids and Other Agents Which Produce Anaphylactoid 
Phenomena on Bronchi of Perfused Lungs, ibid 14 449 1920 Hemagglutina- 
tion m Vitro by Agents Which Produce Anaphylactoid Symptoms, ibid 14 
4/9 1920 Hanzlik, P J Effects of Various Colloids and Other Agents 
Which Produce Vnaplvvlactoid Phenomena on Sur\mng Intestine and Uterus 
ibid 14 463 1920 
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In a lecent papei Auei >7 has made an important contribution to 
this problem He has been able to produce in rabbits sensitized and 
lemjected with hoise serum, severe inflammation of the ear, with 
formation of ci usts and tissue destruction and sometimes dry gangiene 
of the ear tip, meiely by the brief local application of xylol In noimal 
controls, in animals gnen only one injection of hoise seium just pre- 
ceding the application of xylol, and in sensitized but not reinjected 
rabbits, such local treatment caused only a mild inflammation with more 
or less edema, which disappeaied in two 01 three days, leaving a 
normal ear 

Auer interprets this phenomenon as follows 

The ear lesions of the sensitized leinjected rabbits which develop after the 
application of xylol are interpreted as a primary anaphylactic reaction This 
primary anaphylactic reaction is considered the result of a local automocula- 
tion of the ear tissues with circulating antigen The local autoinoculation is 
brought about by the irritant action of the xjlol which causes an inflammation 
and edema of the site of application An anaphj lactic reaction may now r 
occur because the inflamed tissues are more active metabolically than normal 
tissues and therefore the inflamed cells are affected bj more antigen per unit 
of time than the normal cells A. subliminal concentration of antigen for non- 
mflamed sensitized cells maj thus become effective when inflamed sensitized 
cells arc concerned 

This process may theoretically occur in any tissue of a sensitized animal 
which can show an anaphj lactic reaction, for example the intestines, lungs 
heart, skin ner\es arteries, etc It is possible that this interplay of conditions 
may explain a number of functional abnormalities in the human subject 

This work suggests an interpretation for the arsenical reactions 
under discussion It may be admitted that a nonprotem substance 
cannot act as an antigen and that arsphenamm and othei arsemcals 
do not, as suggested by Swift, change the nature of the serum so that 
it acts like a foreign protein and induces a condition of hypersensitive- 
ness On the other hand such reactions may occur in patients who are 
sensitive to some protein, possibly, as suggested by Stokes , 38 of bacterial 
origin Arsphenamm, which is a vascular toxin , 30 may, in the manner 
suggested by Auer, lower the threshold for the unknown antigen and 
increase vascular permeability This m turn may cause the deposit of 
arsenic, normally taken up by the liver, m the structuies where its 
toxic action is observed, notably m the bone marrow and in the skin 

37 Auer, J Local Autoinoculation of the Sensitized Organism with Foreign 
Protein as a Cause of Abnormal Reactions, J Exper M 32 427, 1920 

38 Stokes, J H The Application and Limitations of the Arsphenainins in 
Therapeutics, Arch Dermat & Sjph 2 303 (Sept) 1920 

39 Ricker, G, and Knape, W, (Mikroscopische Beobachtungen am 
lebenden Tier uber die Wirkung des 606 und 914 auf die Blutstromung, Med 
Klin 8 1275, 1912) made direct microscopic observations of the capillary bed 
m living animals during the administration of arsphenamm and neoarsphena- 
nun They found that both drugs caused a slowing of the blood stieam, dilata- 
tion of the capillary bed, stasis and hemorrhage 
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Its action on the bone marrow produces the blood changes upon which 
we lay so much stress The skin lesions may be caused by the reaction 
of the tissues to the locally deposited irritant 

This hypothesis disposes of some of the discrepancies noted above 
It accounts for the fact that in some cases reactions occur after the 
first injection It eliminates the objection raised by the impossibility of 
producing experimentally anaphylaxis with arsphenamm by any method 
heretofore tried It opens up a new conception of the varieties of 
anaphylactic manifestations, and removes the objection that these 
patients do not show the symptoms of acute anaphylactic shock, but it 
still does not adequately explain the drug substitution phenomena which 
we have observed 

SUMAIAR\ 

1 We have piesented a study of twenty-three cases of dermatitis 
and allied reactions following the use of arsenical products in the treat- 
ment of syphilis 

2 Such reactions are equally frequent in either sex, but they aie 
about three times as liable to occur in the white race as in the colored 

3 Evidence is presented that the lesions of syphilis or the duration 
of the disease exercise no modifying influence upon the incidence of 
dermatitis Two of our twenty -three cases occurred in patients m 
whom syphilis could be ruled out 

4 Dermatitis has been observed by us to follow all chemothera- 
peutic arsenic compounds which we have employed in the treatment of 
syphilis 

5 In the majority of cases in our series, arsenic was the only drug 
employed so that mercury and potassium lodid as causative factors can 
be excluded 

6 Reactions of this group tend to appear early in the course of 
treatment 

7 In some cases, certain prodromal symptoms may be recognized 
These consist of itching, mild or fleeting macular, maculopapular, or 
vesicular skin eruptions, stomatitis, prolonged fever, or marked malaise 
The occurrence of any of these during the use of aisenical products 
should lead to a suspension of treatment and a general suivey of the 
patient 

8 Dosage, technic of administration, and impurities m the drug 
can be excluded as etiologic factors 

9 The lesions may be classified, on the bases of the constitutional 
manifestations and their importance, as mild or severe In the mild 
group fall urticarial erythematous and herpetic rashes In the severe 
group are the macular maculopapular, and exfoliative rashes, itching 
and stomatitis 
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10 Urticatia is fairly common in association with the mtntoid 
crisis The more se\ere constitutional manifestations are absent, and 
in most cases arsenical tieatment may be continued No patient so 
treated has later developed a moie serious rash The same may be 
said of herpes simplex and the eiythematous 1 ashes, except that m 
these cases fever and leucocytosis are frequently found 

11 The characteristics of the i ashes of the seveie group are 
described Attention is drawn to characteristic alterations in the blood 
picture, which were present m fouiteen of sixteen cases studied The 
changes consist in general of leukopenia, decrease in polymorphonucleai 
neutrophiles, eosmophiha, increase of the large mononuclear-tiansi- 
tional group, and the appearance of many fragile cells 

12 The complications of dermatitis exfoliativa, including acute 
nephritis, polyneuritis, jaundice, skin infection, bronchopneumonia, and 
septicemia, are discussed 

13 Attention is directed to the possible relation between the com- 
plications due to infection and the disturbance of hematopoiesis 

14 The sensitiveness of the patient to the diug causing the original 
reaction persists over long periods of time and is made manifest by 
even small doses of the same drug However, certain patients, who 
cannot be accurately distinguished, are able to take other less toxic 
arsenical drugs without the development of reactions of this type 

15 The prognosis of these reactions is grave Among our series of 
twenty-three patients theie have been five deaths The pathological 
picture is briefly described 

16 Patients with itching without skill lesions, and with stomatitis 
due to aisemcal prepaiations have been found to present a blood pictuie 
similar to that described m the exfoliative dermatitis group 

17 The literature is reviewed, and the possible etiologic factois in 
reactions of this group aie discussed The evidence is in favor of then 
anaphylactic origin 



THE TOTAL NONPROTEIN NITROGEN CONSTIT- 
UENTS OF THE BLOOD IN ARTERIAL 
HYPERTENSION x 

J LISLE WILLIAMS, MD 

CHICAGO 

Arterial hypertension is regarded frequently as a manifestation of 
chionic nephritis In recent years, however, theie is a growing belief 
that hypertension alone is not necessauly evidence of nephritis 
Allbutt 1 was among the first to recognize from clinical observations 
that hypei tension may be present without nephritis, this condition he 
teimed “hyperpiesis ” Under the title “primary hypertensive cardio- 
vascular disease,’ Janeway 2 described the same disorder, while more 
recently Mosenthal 3 and others have suggested the term “benign or 
essential hypertension” Krehl 4 observed hypertension m a numbei of 
patients with other clinical symptoms not supporting the diagnosis of 
chronic nephritis Gross and microscopic examination of the kidneys 
of one of these ^patients failed to rev eal abnormal changes 

Until renal function was estimated by the phenolsulphonephthalem 
test and by the quantitative determination of the nonprotem mtio gen 
constituents of the blood, the evidence of the kidney disease obtained 
was chiefly anatomical or clinical Mosenthal observed essential hyper- 
tension in two patients with normal blood urea and phenolsulphone- 
phthalein excretion , the postmortem examinations revealed practically 
normal kidneys Rappleye 5 studied the kidney function in 100 patients 
with hypertension Almost 70 per cent of these had noimal phenol - 
sulphonephthalein excretion or blood uiea mtiogen values In the 
remainder, the renal function so detei mined was impaired only slightly 
Thirteen of these 100 patients died, and in ten of the eleven postmor- 
tem examinations made death was found to have been due to cardio- 
vascular disease or to an mtercurrent infection 

* From the Pathological Laboratory, St Luke’s Hospital, aided by the 
Seymour Coman Fund 

1 Allbutt, C Diseases of the Arteries, Including Angina Pectoris London 
Macmillan & Co 1915 , Arteriosclerosis and the Kidneys, Brit M T 1 854 922, 
1911 

2 Janeway, T C A Clinical Study of Hypertensive Cardiovascular Dis- 
ease, Arch Int Med 12 755 (Dec 1913 

3 Mosenthal, H O Essential Hypertension, Med Clin N America 1 101 
(July) 1917 

4 Krehl, L Deutsch med Wchnschr 3 1872, 1905 

5 Rappleye, W C The Kidney Function in 100 Cases of Hvpertension, 
Boston M & S J 179 441 1918 
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The patients studied by Stengel 6 and designated by him as “arteno- 
lar fibrosis” were without functional evidence of renal disease Many 
of them lived foi several yeais and finally died fiom cardiovasculai 
disease In Meara's group 7 of patients with symptoms corresponding 
to the hyperpiesia of Allbutt, a few patients had a slight impaiiment of 
renal function, but uremia was rarely a cause ot death 

Folin and Denis 8 Myers, Fine and Lough , 0 Baumann and others 10 
legard the estimation of the unc acid of the blood as the most delicate 
test for kidney efficiency They observed many patients with “early 
interstitial nephritis” m whom the uric acid was the only nonprotein 
nitrogen substance of the blood mci eased Hopkins 11 found that in 
climacteric hypertension kidney function is not materially affected 

That puie hypertension may be due to sodium chlorid letention in 
the blood is a conclusion reached by Allen 12 from observation of hyper- 
tension with clinical symptoms improved by water and salt i estriction , 
the kidney function of these patients, except for the salt retention, was 
normal 

This repoit is primal lly that of a chemical study of the nonpiotem 
nitrogen constituents of the blood of patients with arterial hyperten- 
sion but with no clinical evidence of nephritis The results of such 
determinations on the blood of fifty-five patients from the medical 
services of Drs J L Miller, J A Capps, A R Elliott and R B 
Preble at St Luke’s Hospital, Chicago, furnish the basis of this repoit 
and the patients themselves are divided into’ two gioups, depending on 
the amount of the various nonprotem nitrogen substances m the blood 
and the alterations of the mine Some of these patients were examined 
lepeatedly over a penod of from one month to two yeais 

The blood urea nitrogen was determined by the 'Van Slyke and 
Cullen 13 modification of the Marshall urease method The other non- 
protem nitrogen constituents of the blood were determined accoidmg 

6 Stengel, A The Classification of Chronic Nephritis and the Relation of 
Infection to Kidney Disease, Med Clm N America 1 217 (Sept ) 1917 

7 Meara, F S Hyperpiesia of Clifford Allbutt, Med Clm N America 
2 1 (July) 1918 

8 Folin, O , and Denis, W The Diagnostic Value of Uric Acid Deter- 
mination in the Blood, Arch Int Med 16 33 (July) 1915 

9 Myers, V C , Fine, M S , and Lough, W G The Significance of Uric 
Acid, Urea and Creatmin of the Blood in Nephritis, Arch Int Med 17 570 
(April) 1916 

10 Baumann, L , Hansmann, G H , Davis, A C , and Stevens, F A The 
Uric Acid of the Blood as Compared with the Renal Dietary Test Arch Int 
Med 24 70 (July) 1919 

12 Allen, F M Arterial Hypertension, J A M A 74 652 (March 6) 1920 
1919* ■ H '° pkms ’ A H Climacteric Hypertension, Am J Med Sc 157 826 

13 Van Slyke, D D , and Cullen, G E J A M A 62 1558 (May 16) 1914 
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to the recent methods of Folm and Wu 14 The nonprotem nitrogen 
substances of the blood of rnanj' patients were estimated at repeated 
intervals 

GROUP i 

In this group there are included thirty-six patients with arterial 
hypertension and with only slight clinical evidence of nephritis The 
illness in five of these was diagnosed chronic nephritis by the attending 
physicians, in spite of very little change in the urine In this group 
there are eleven men and twenty-five women , the age average was 54 3 
years The clinical diagnosis for five patients was hypertension alone , 
for five others it was chronic nephritis or cardiorenal disease, for five 
each it was colitis and arteriosclerosis, for four, tertiary syphilis oi 
syphilitic myocarditis, for three each, chronic cholecystitis, cardiac 
decompensation and angina pectoris , for two each, cystitis, gout, 
diabetes, chronic arthritis and chronic myocarditis , for 1 each, cirrhosis 
of the liver, fibromyoma uteri and abdominal adhesions Neither albu- 
min nor casts were found in the urine of twenty-one patients, a trace of 
albumin was found m three cases, a few casts only m one case, and 
albumin and casts in eleven cases Repeated examinations of the 
urine demonstrated the presence of albumin and casts in minimal 
amounts for most of the patients 

The blood urea nitrogen varied from 10 1 to 29 9 and averaged 18 9 
mg per 100 c c , the total nonprotem nitrogen varied from 22 4 to 59 0 
and averaged 37 6 mg , the uric acid varied from 1 8 to 6 95 and 
averaged 3 06 mg , and the creatimn varied from 1 29 to 2 3 and 
averaged 1 7 mg Only thirteen of these patients had a blood urea 
nitrogen of more than 20 mg, twenty -three had a total nonpiotem 
nitrogen of more than 35 mg per 100 cc The blood uric acid of 
seven of twenty-three patients was more than 3 mg per 100 cc , and 
of three of twenty-two patients the creatimn was more than 2 mg 
per 100 c c of blood 

1 he blood pressure was determined frequently and with many 
patients it varied markedly The maximum systolic pressure ranged 
from 170 to 248 mm of mercury, the diastolic from 70 to 160 mm 
The phenolsulphonephthalem test of the kidney function of twenty-nine 
patients (thirty determinations) ranged from 21 to 90 per cent for the 
two hour period, and averaged 53 3 per cent For twenty-one patients 
the excretion was less than 60 per cent , the urea and total nonprotem 
nitrogen of the blood of six of these patients were moderately increased, 
m fifteen cases they were normal or slightly increased Both tests gave 
evidence of renal impairment in six patients For two the blood urea 

14 Folm O, and Wu H A System of Blood Analysis, T Biol Chem 
38 81, 1919 
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and toial nonpiotein nitrogen weie noimal and the ’phthalem excretion 
was noimal 01 inci eased (90 per cent in one patient) Excluding 
patients with cardiac decompensation, the two tests agreed in 75 per 
cent of the cases The blood Wasseimann test foi syphilis was positive 
in two of twenty-tin ee patients 

Dyspnea on exertion was the most common symptom, and was 
piesent in sixteen patients In thirteen patients the symptoms were 
headache, m eleven dizziness and swelling of the feet and legs, in eight 
each, nocturia and abdominal distress, in seven each, precoidial pain 
and cardiac palpitation , in six each, weakness and nervousness , m five 
each visual disturbances or spots before the eyes, flatulence and nausea, 
m four each, cramps m the legs, loss of weight, anoiexia, and cough, 
in three each, hoarseness, tinnitus aurium, constipation, and poly- 
kinuria, in two each, polyuria, dysuria, incontinence, backache, vomit- 
ing and diarrhea 

Four patients had scarlet fe\er in childhood, four had syphilis In 
one case the hypertension was ascribed to a pregnancy se\en yeais 
before One patient had had erysipelas several yeai s pre\ lously , 
another had had rheumatism, and a third had had typhoid fevei Two 
patients were alcohol and tobacco habitues, and one patient was intem- 
perate m eating The a\erage duration of the aiterial hypertension 
as far as could be determined was 3 2 yeais 

Hypertiophy of the heart, the most common alteiation found in 
the physical examination, was observed in twenty-seven patients The 
liver was enlarged in thirteen There was a secondaiy mitral murmui 
m twelve Sclerosis of the peripheral arteries was pronounced in nine , 
a dilated aorta m six , edema of the feet and legs was present in seven 
Five patients had hypostasis of the lungs , four a gallop rhythm , three 
an alternating pulse, three a palpable kidney or kidneys, and thiee 
some degree of cyanosis Obesity and enlarged joints each were pres- 
ent m foui cases In three patients the teeth were badly decayed Two 
patients each had generalized edema, marked emaciation, hydrothorax 
and a palpable colon Ophthalmoscopic examination of the eye grounds 
of eight patients was negative in four, but revealed sclerosis of the 
retinal vessels in two, arteriovenous compiession m one case, and a. 
low' grade retinitis m another 

There was no relation between the height of the blood pressure and 
the amount of any of the nitrogenous waste substances found in the 
blood Two patients — one with the highest, the other with the lowest 
blood pressure — had nitiogen values that differed only slightly The 
patients having dyspnea with cardiac decompensation had the highest 
\ alues for nonprotein nitrogen of the blood of the gioup In these 
patients the slight nitrogen retention could be accounted for by the 
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passu e hyperemia of the kidneys No relationship could be established 
between any of the other symptoms or physical findings and the amount 
of nitrogen in the blood 

Of the thirty-six patients, thnty-one aie known to be living foi as 
long as from two months to two years, and of these eighteen aie 
impro\ ed, twehe are as before, and two are worse The condition of 
thiee patients is unknown, and two are dead Both died of cardiac 
failure, this diagnosis for one being confirmed by a postmortem exam- 
ination Among the changes observed during this examination weie 
hypertrophy and dilatation of the heart, passive hyperemia of the lner 
and kidneys, and moderate sclerosis of the aorta and larger aiteries In 
the kidneys a few scattered hyalmized glomeruli weie found, such as 
are present in the kidneys of any person at that age dying of a disease 
unrelated v ith arterial hypertension 

GROUP II 

The symptoms of the disease in the patients of this group difteied 
very little from those in Group 1, but in the urine there weie largei 
quantities of albumin and more casts, whereas the blood contained 
more of the nitrogenous waste products, particularly uric acid There 
are nineteen patients in this gioup, thirteen men and six women vaiy- 
mg in age from 40 to 69 and averaging 58 2 years of age The clinical 
diagnosis in six cases was chronic nephritis or caidiorenal disease, in 
two each, tertiary syphilis, angina pectoris, artenoscleiosis, diabetes and 
hypertension alone , and in one each, abdominal adhesions, cardiac 
decompensation cluomc cholecystitis and ceiebral hemorihage The 
urine of four patients contained neither albumin nor casts, of thiee, 
only albumin, of one, hyalm casts, and of ten both albumin and casts 
The blood urea nitrogen varied fiom 114 to 32 7 mg and at ei aged 
21 5 mg per 100 c c , the total nonprotem nitrogen from 28 1 to 56 4 
and ateraged 42 9 mg , the uric acid from 2 48 to 9 02 and aveiaged 
5 39 gm , and the creatinm from 1 49 to 2 24 and averaged 1 80 mg 
The urea nitrogen of the blood of ten patients was more than 20 mg 
pei 100 cc and of thirteen the total nonpiotein nitrogen was moie than 
35 mg The uric acid of the blood of twelve patients m this group was 
more than 3 mg per 100 c c , and the creatinm content foi four of ten 
patients was more than 2 mg per 100 c c As has been stated in Gioup 
1, the higher \ alues for nitrogen retention are associated with the symp- 
toms of cardiac insufficiency, dyspnea, edema of the feet and legs 
nocturia and precordial pain 

The systolic blood pressure ranged from 160 to 268 mm , the 
diastoiic from 72 to 160 The phenolsulphonephthalein excretion in 
tuo hours for fifteen patients varied from 30 to 74 3 per cent and 
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aveiaged 47 2 pet cent Nocturia was the most common symptom 
obsei \ ed m nine cases, headache and dyspnea each m six , cough, dizzi- 
ness, and abdominal distress each m four, blurred vision, polyuria, 
weakness, nervousness, nausea and vomiting each m three, tinnitus, 
catdiac palpitation, polykinuna, backache, insomnia, precordial pam 
and loss of weight each m two One patient (Wasseimann negative) 
reported a previous syphilitic infection, another reported an attack of 
scarlet fever m his youth, and a third excessive alcoholism 

Hypertrophy of the heart as m the patients of the first group was 
common (fifteen of the nineteen patients) , m eight cases the liver was 
enlarged, in fire there was a regurgitant mitral systolic murmur, in 
four, pulmonary hypostasis and sclerosis of the peripheral arteries, 
in three each, a gallop rhythm, cyanosis and marked edema of the 
extremities, in two each, an alternating pulse, hydrothorax, a dilated 
aorta and a legurgitant aortic murmur, and in one each, marked 
ascites and hypertrophy of the prostate gland 

Twelve of the nineteen patients m Group 2 aie living for from two 
to twenty months , five are dead, and the condition of two is unknown 
Five of the living are improved, and the clinical symptoms of seven aie 
unchanged The cause of death of two patients was cerebral hem- 
otrhage One patient died of angina pectoris, one of diabetic coma 
and one of cardiac decompensation The last mentioned clinical diagno- 
sis was confirmed by postmortem examination, and the chief anatomic 
changes noted were hypertrophy and dilation of the heart, senile 
sclerosis and fatty changes of the lining of the aorta and larger arteries, 
and marked passive hyperemia and healed mfaicts of the kidneys 
Microscopic examination of the kidney tissue disclosed no striking 
changes 

DISCUSSION 

On comparing the averages of the various nonprotem nitrogen 
constituents of the blood in the two groups, the urea and nonprotem 
nitrogen are each a few milligrams higher in Group 2 than m Group 1 
The uric acid averages of Group 2 are almost double those of Group 1 . 
5 39 mg as compared with 3 03 The creatmm is almost the same in 
both groups 

The uric acid of the blood was increased m 54 per cent of the 
patients of both groups, the total nonprotem nitrogen was slightly 

mci eased m 65 per cent , and the urea was slightly increased m 42 
pet cent 

The phenol sulphonephthalem excietion foi two hours v as slight!} 
moie for the patients in Group 1 than for those in Group 2 The 
average phenolsulphonephthalem excretion of both groups is a trifle 
lowei than the minimum normal value for two hours, but included m 
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the a\erages ate some patients with cardiac decompensation and it i-> 
well known that this materially diminishes the amount of dye excieted 
The extreme passive hyperemia of the kidneys in such patients may 
explain the slight increase of the non-protein nitrogen substances in the 
blood where anatomically there is no nephritis 

Of the prominent symptoms of the two groups, dyspnea is most 
common m Group 1, while nocturnal polyuria occurred twice as fie- 
quently in Group 2 as in Group 1 Edema of the feet and legs was 
present m 31 per cent of the patients of Group 1, and m 16 per cent of 
those m Group 2 Polyuria troubled 16 per cent of the patients in 
Group 2, but only 6 per cent in Group 1 Precordial pam and palpita- 
tion occurred almost twice as frequently m Group 1 as in Group 2 
The other common symptoms, headache, dizziness, abdominal distress, 
nervousness, visual disturbances, nausea and vomiting were of almost 
the same frequency m both groups 

The changes m the unne differ slightly m that the patients of Group 
2 had more evidence of renal impairment as shown by the presence of 
albumin and casts in the urine Four patients of this group however, 
had no albuminuria or cyhndruria 

In Group 1, there is a large majority of women while m Group 2 
the men largely predominate The ages m Group 2 average slightly 
moie than those in Group 1 In Group 2 a higher percentage of 
patients was diagnosed clinically as chronic nephritis, but other' than 
this there is no striking disparity m the diagnoses 

CONCLUSIONS 

1 There is a disease, arterial hypertension, which when uncompli- 
cated by nephritis oi caidiac decompensation gives no functional evi- 
dence of kidney insufficiency 

2 Caidiac decompensation with marked passive hyperemia of the 
kidneys *s associated with a moderate letention of nonpiotein nitrogen 
in the blood 

3 The height of the blood pressure beats no relationship to the 
amount of the nonprotein nitiogen substances m the blood 

4 Arterial hypertension with normal nonprotem nitrogen values 
m the blood and normal kidney excretion, determined by functional 
tests and urine examinations, does not justify the clinical diagnosis of 
chronic nephritis 

I wish to thank Dis E F Hirsch and E R LeCount for valuable sug- 
gestions m preparing the manuscript, and Drs J L Miller, J A Capps, A R 
Elliott, and R B Preble for opportunity to stud} their patients 
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THE DISEASES OF INFANTS AND CHILDREN By J P Crozer 
Griffith, M D , Ph D , Professoi of Pediatrics in the University of Penn- 
sylvania Two octavo volumes totaling 1542 pages, with 436 illustrations, 
including 20 plates in colors Philadelphia and London W B Saunders 
Company, 1919 Cloth, $16 00 net 

Dr Griffith’s little book on “The Care of the Baby” has been for more than 
a quarter of a century the trustworthy guide not only to young mothers but to 
young physicians With that great success and the author’s many sound con- 
tributions to pediatric literature, it seemed strange that he did not long ago 
write a textbook The explanation is to be found m these two handsome and 
well printed volumes They form a small, but unusually complete encyclopedia 
on pediatrics, and include surgical as well as medical topics Part of Volume I 
and all of Volume II are devoted to diseases of organs The whole work 
exhibits an unusually rich pediatric experience, well arranged by a trained and 
broadly cultivated mind An extensive reading of the literature is shown in 
connection with almost every topic, and the reader is assisted in personal 
study by numerous references to the original sources In many cases these 
are brought up to about the time of the war, and one can assume that the 
author, like so many others, had Ins working plans deranged by that event 
If the reader misses references to important articles since about 1916, he is 
fortunate m having available a key to the most important work up to that 
time The usual chapters on anatomy and physiology of early life, hygiene, 
breast feeding and other details of food, proprietary foods, diet in health and 
disease are given almost 200 pages They are sound, practical and unusually 
detailed, and so well arranged that it is easy to find information on any of the 
subjects with the minimum trouble Equally good are the chapters on general 
methods of examination and diagnosis, and morbidity and mortality The 
chapter on therapeutics of infancy and childhood shows the experienced hand 
and brain Diseases are described after a natural classification beginning with 
those of the new-born Then follow the infectious diseases, the definition of 
which does not show the author’s usual care for verbal accuracy Thus it is 
difficult to understand why he says, “pneumonia appeals to be (italics ours) 
quite certainly an infectious disorder,” although no objection can be made to 
classifying pneumonia, as well as rheumatism and chorea in other groups 
Contact carriers and droplet dissemination are well described 

The sections on the eruptive fevers bring out the author’s mastery of 
clinical details and his skill in description In the diagnosis of smallpox, 
however, he does not take advantage of any of the lecent biologic methods, 
which certainly deserve extensive trials In very few' places can one object 
to the matter, but some items may be mentioned The reviewer believes it not 
only unnecessary but harmful to cleanse the skin “vigorously” before vaccina- 
tion, except in exceedingly dirty children He also thinks the cross scarifi- 
cation recommended is bad Army surgeons during the war put the quietus 
on that antiquated and incendiary method, which is largely responsible for 
much of the objection to vaccination among physicians and laymen There is 
no reference to the interesting relations of chickenpox and zoster, nor is the 
importance of pemphigus set forth with deserved emphasis In cerebrospinal 
fever, the varieties of organisms and their bearing on treatment are not utilized 
as they should be In diphtheria the matter is more nearly up to date The 
treatment of malaria should not he ended as the author says, by giving small 
doses of quinin for two or three weeks, but continued prophylactic treatment 
should he carried out for months, in order to prevent the child from becoming 
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a carrier, with or without symptoms, the latter often misunderstood Polio- 
myelitis is w'ell described but nonsuppurative encephalitis deserves more space 
than it gets m the second \olume, without sufficient reference to the possible 
confusion with polioim elitis under that rubric The pathology and early clin- 
ical features of tuberculosis do not sufficiently reflect the valuable studies of 
recent -\ears, including the significant researches of Opie on tuberculosis of 
lymphatic tissues Sjplulis is well cared for General and nutritional dis- 
eases are w r ell described, though it is strange not to find some reference to 
the results of the war and the blockade on rickets and some other diseases 
The author’s reason for classing rheumatism among general and constitutional 
diseases, because the causative germ is not known, will strike many as rather 
feeble Progress in the imestigation of infectious diseases would have been 
much slow r er than it was if that view had been held widely Leaving out all 
references after 1914 and some useful ones before that, makes this section less 
impressne than it should be Focal infection certainly deserves some discus- 
sion here The section on diabetes insipidus has no reference later than 1892- 
and is quite out of line with current ideas The chapter on pellagra, like some 
others, shows by failure to mention vitamins the stimulus that word gave to 
the study of nutrition and its alterations The other diseases are arranged by 
organs, and the text shows the same command of the subject The placing of 
the pneumonias, with “inflammation of the lungs” as a subhead, forces one to 
realize the great value of anatomic classification, as well as the loss incurred 
bj making the etiologic viewpoint secondary The author’s presentation of 
pneumonia, however, is most commendable He shows how the titles “lobar” 
and “lobular” are misleading, that “catarrhal does not fully express the patho- 
logic changes which occur”, he describes well the clinical features More 
details on the etiology and etiologic diagnosis could have been added with 
advantage, but the young reader should have these and the older one would 
probably need a jounger head to assist him in that part of the work The 
choice of “eczema” to the now familiar dermatitis is another relic of the past 
These few- examples only emphasize the immense amount of sound informa- 
tion the author has gi\en Though not up to date as regards scientific effort, 
it does distinct credit to the specialty of pediatrics and may serve as a base- 
line to indicate future adiance, just as it can be used to show the advance from 
the eras of J Lewis Smith or Meigs and Pepper It is, in fact, a book to refer 
to and to use The illustrations are numerous, often original and well chosen 
The printers’ w'ork is so well done that the spelling “pomegranite” on p 827 
almost seems as if it must be correct 
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